





Resumido por el autor, J, Percy Baumberger. 

Bstudios.sobrQ la nutrici6n de los insectos, con especial mencidn 

i 

de los microorganismos y sus substratps, 

♦ 

El autor ha demo^trado mediante experimentos que la ad- 
quisicidn de los alimentos por las Drosophilas que viven en frutas 
fermentadas depende de los poderes sint^tico y absorbente de las 
c6Iulas de levadura. De un modo semejante, sus^estudios sobre 
las relaciones de Musca domestica con el esti^rcol, de Desmo- 
metopa con la came en putrefaccibn y de Sciara y Tyrogliphus 
con la madera podrida, demuestran claramente que estos artr6- 
podos tambi^n se ahmentan de microorganismos. mismo, 
ha intentado trazar el origen y desarrollo dc estas costumbrcs, 
la extensidn probable de su ocurrencia y considerar las asocia- 
ciones conocidas de los animales con los hongos en general. Los 
experimentos y consideraciones tienden todos a establecer el 
principio de que los insectos que vivdh en substratos en fermenta- 
ci6n y putrefacci6n que eontienen escasa cantidad de protein as, 
se alimentan generahnente fle los microorganismos que enellos 
existen y de este modo obtienen beneficios gracias a la propiedad 
que poseen los hongos de extraer, absorber y sintetizar muehos 
compuestos nitrogenados no protemicos. 


Translation by Josfi F. Nonidei 
Columbia University 
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' INTRODUCTION 

Throughout the whole organic world the essential food element 
most difficult to acquire is nitrogen, as all nitrogen must ulti- 
mately come from the atmosphere and the power of combining 
with this gas is limited to a few microorganisms. Upon the nitri- 
fying bacteria, then, all higher plants and animals are dependent 
for their nitrogen which is handed from one organism to another, 
linking all together into one great interdependency which has 



Fig. 1 Tho nitrogen cycle (from Bayliss). The accessory lines and circles in 
- — — are my, additions based on evidence in this paper. 

been called the nitrogen cycle. I insert a diagram from Bayliss 
which clearly illustrates this cycle. The accessory circles and 
the lines that connect them are additions based on my experiments. 

The search of the insect for nitrogen is very complicated and has 
been, at times, obscure. Indeed, little definite information is 
at hand concerning the food requirements^ in general of these 
organisms, as the material consumed is often in large part merely 
the substratum f(tr‘ a small amount of assimilable food. ^ This 
has led to many misunderstandings as to the synthetic power of 
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insects* Since they are largely phytophagous, insects are amply 
supplied with carbohydrates, but have difficulty in obtaining 
sufficient protein. The abundance of the former permits great 
activity, while the dearth of the latter limits the growth of the 
insect. This has led to a lengthening of the life-cycle in those 
species which must ingest large quantities of substrate in order 
to get enough nourishment to complete their growth. However, 
many insects that feed in decaying of fermenting vegetable matter 
of low^ protein content have an unusually short period of growth. 
The experiments and considerations which follow throw light on 
the protein supply of such insects and account for their rapid 
growth. 

These investigations were made at the Bussey Institution for 
Research in Applied Biology, Harvard University, under Prof. 
W. M. Wheeler. Valuable advice and assistance were received 
from Profs. C. T. Brues, W. J. V. Osterhout, I. W. Bailey, and 
Dr, R. W, Glaser. 'I am especially indebted to Doctor Wheeler 
for helpful suggestions and encouragement. 


EXPERLMKNT.S 

1. Food of an insect (Drosophila) living in fermenting fruit 

A. Method and initial observations, a. Solid media for Droso- 
phila, While rearing Drosophila it was found necessary 4o de- 
termine the exact date of oviposition. As this is impossible in 
the ordinary culture tube of fermenting banana, a solid trans- 
parent medium was devised by myself and Dr. R. W. Glaser 
(1917 a). # 

This medium is made as follows : Mash six ripe bananas in 500 
cc. of water, allow to infuse on ice overnight, strain through 
cheese-cloth, and add grams powdered agar-agar to each 100 
cc. of the filtrate. Heat in double boiler till agar is dissolved, 
filter hot through absorbent cotton into test-tubes. Plug tubes, 
sterilize in autoclave, and allow to cool in inclined position so as 
to form solid slants of the medium. 

This medium is quite transparent, affords* 15 to ^ sq. cm. area 
for oviposition and 6 to 10 cc. of substratum for the larvae. The 
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^gs, which ^ure readily deposit^ l^y the female, are prominent 
objects on the agar. 

Bacterial and fungous growths occur over the surface, but I no- 
ticed that unless these become too luxuriant before the larvae 
'hatch, they are destroyed by the insect. 

The agar method has the advantage of permitting observation 
of the date of e^ deposition and hatch and the details of larval 
habits. It also furnishes a method of making nutritional studies 
of various synthetic media. 

b. Preliminary ol)servations on the food of Drosophila. In May, 
1916, while rearing Drosophila raelanogaster on, banana agar, I 
noticed that molds and bacteria often completely covered the sur- 
face of the medium and killed the larvae. This was confined to 
cultures which had only ten or twenty instead of the usual fifty 
or a hundred larvae. The larvae congregated ^t the points 
where fungus was most abundant and caused the plants to dis- 
appear, apparently by feeding upon them.^ An examination 
of the flora showed that Saccharomycetes were invariably present 
and often occured in pure cultures.®* 

This observation suggested an internal symbiosis betweeii Dro- 
sophila and yeast. I found, nevertheless, that by washing the 
surface of the pupae with alcohol, the insect could be freed from 
all microorganisms. The larvae of such sterile insects were not 
able to ^nature on banana agar nor could they mature on a syn- 
thetic medium of salts and sugars with ammonium tartrate as the 
source of nitrogen, as had been maintained by Loeb but 

were able to develop on either medium in the presence of yeast 
cells. 

c. Habits of adults and larvae. The Drosophila were intro- 
duced as pupae, usually three being placed on the side of the test- 
tube, The adults emerge^after five to eight days, the time depend- 
ing on the temperature, and readily feed on the banana medium, 

* TMs^nterp fetation was first suggested to me by JVIrs. J. Jackson. 

® In 373 transfers of pupae, all descendants of adult Drosophila, taken from a 
stock bottle of fermenting banana, all tubes were infected with yeast cells carried 
on the bodies of the inseA». « 

* Loeb has since corrected this view (’16), Loeb and Northrop (’16 b). 
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on wiiich they leave little dep/essed spots where they have regur- 
gitated and sucked up the dissolved substance. If the medium 
has not dried enough to have taken on a hard, leathery crust, the 
females oviposit after twenty-four hours and continue to do so for 
some days. The eggs are thrust into the agar so that the upper* 
end with its two projecting floating structures is just level with 
the agar; in this position they are promment objects under the bi- 
nocular. After a period of one or more days, the minute larvae 
leave the eggs and move about over the surface of the medium. 
They are at this time usually 1.2 mm. in length. By the second 
day they have increased in size to 1.8 to 2 mm, in length, and be- 
gin to work in a vertical position, with the anterior end down, tjie 
full length of the body in the jelly, 'and the posterior end with its 
two projectii^ spiracles either in contact with the air or with a 
bubble of air which has been enclosed in a thin film of the medium 
and remains attached to the, larva, thus enabling the latter to 
' work the food material to a greater depth than its body length 
would permit. The head end of the la^ae is merely a small 
pointed segment which Served as a collar through which the 
pseudo-maxillary apparatus works. In shape the latter may be 
roughly compared to a plow with theshares prolonged posteriorly in- 
to two handles. Attached at the anterior end of this four-pointed 
median structure, is a pair of d^ected falcate processes, sharp at 
the point and on the concave side, that work up and dpwn con- 
stantly with a simultaneous backward and forward movement of 
the whole apparatus. The movements of these oral organs were 
observed in a drop 6f agar on a depression slide, and it was found^ 
Uiat their constant movement continued without any appreciabtp 
rest periods. Occasionally the movement would stop without- 
apparent reason for about two minutes, but there was no regu- 
larity in these periods of cessation. The larva might work for 
fifteen minutes without stopping or might stop several times at 
intervals of two or three minutes. Apparently the recovery 
from fatigue takes place in the interval between the movements. 
Progression of the larva seems to be due to a series of protrusions 
of the anterior end with an acQompanying circular contraction, 
the animal being held in place by the circles of spines on each seg- 
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ment, while the posterior end is drawn up. ^ In more fibrous ma- 
terial, the mouthparts probably aid the larva in moving about. 
When fully grown, it leaves the medium to pupate on the side of 
the test-tube or the surface of the medium itself. 

* d. Ecology of cultures. Drosophila is very extensively used by 
geneticists in breeding experiments. The insect is reaped in small 
glass bottles or milk jars, plugged with cotton and containing fer- 
menting banana covered with absorbent paper. vQuite often 
these 'cultures go bad/ i.e., smell strongly of acetic acid or be- 
come putrid or covered with mold, so that the" insects are de- 
stroyed and the breeding experiment terminated. 

The method commonly employed in making the culture media 
is to boil skinned bananas, to cool the mass and to add two cakes 
(24 grams) of Fleishmann's bread yeast (bottom yeast) per dozen 
bananas. This is allowed to ferment and is used as a stock sup- 
ply from which to prepare clean culture bottles. In this manner 
the medium is kept fairly sweet, probably due to the great develop- 
ment of the yeast, with accompanying production of alcohol 
which retards^ the development of molds and bacteria. 

If pupae are taken from a bottle that has gone ‘bad’ and placed 
on banana agar, a number of different bacteria or molds may 
develop around then, prominent among which are a mucor, 
Rhizopus nigricans Ehrenberg, the bread mold, Aspergillus, 
the green herbarium mold, Penicillium glaucum, the blue mold, 
and the acetic acid bacillus. If pupae ar^ taken from a good 
^culture tube with yeast alone or yeast and the acetic acid 


' ® la this connection Lafar (’10, II, 2, pp. 238-240) writes: “From the stand- 
point of the oecological theory of fermentation, the alcohol produced by yeast 
should be regarded as a weapon capable of hindering the appearance of other fun- 
goid competitors in saccharine nutrient media. However, when accumulated in 
the medium during the progress of fermentation, it also restricts the further de- 
velopment and action of its producer. In this case, as with yeast poisons in gen- 
eral, the first result is the cessatidn of cell reproduction, a larger quantity of alco- 
?hal being necessary to arrest fermentation and a still further quantity to kill the 
:«ellB.” Reproduction of yeast cells ceases at a 6 per cent ;and fermentation at a 
5 to 24 per cent concentration of alcohol. It should be also remembered that 
most bacterial or fungus cultures have a tendency to become pure, probably owing 
to the production of some S^nite antagenistic substance, or to better adaptation 
to the medium by the successful form (Hiss and Zinsser, ’10). 
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bacillus, the Drosophila larvae grow rapidly, the fungous 
growth soon diminishes and is visible at only a few points on the 
surface. If the flora contained molds, the whole surface of the 
medium is soon covered and the Drosophila eggs are killed, or 
more often hatched and the young larvae die. If the mold do^s 
not completely cover the surface, many larvae survive, and upon 
increasing in size, are able to destroy the mass of mold hyphae 
and form a fairly clean surface. The larvae are able to do this 
only when they are in large numbers and have reached a size of 3.5 
to 4.5 mm. before being covered by the molds. It would seem, 
therefcwre, that the destructive action of the molds is mechanical 
rather than toxic. It was also observed that molds seldom gain 
a foothold on media in wliich large numbers of larvae are feeding. 
This observation explains why ^strong’ cultures of Drosophila (as 
usually reared on fermenting banana) remain 'sweet’ and seldom 
go bad. Banana*agar culture tubes in which the Drosophila pu- 
pae have been placed on the glass, rather than on the medium it- 
self, often remain sterile till the adults emerge. The latter 
spread the spores over the surface of the agar at the same time 
that they deposit their eggs. Thus the molds and bacteria have 
little time to grow before the larvae are at work. 

The development of molds and bacteria is not apparent in the 
presence of large numbers of larvae and a strong culture of yeast 
in the proper nutrient medium. 

e. Media for gepetical work. In selecting the best medium in 
which to rear Drosophila the most important considerations are 
abundant food for the yeast cells and a moist jellylike consistency 
of substratum to which the larvae are adapted. Transparency 
and solidity of media will add to the convenience of tke 
investigator. 

I have obtained the best results J)y using Saccharomyces ellip- 
soideus, in the stock bottle of banana, as the fragrant odors of 
fermentation produced by this yeast stimulate oviposition by the 
fly. The two following media have proved most satisfactory: 
1. Fermented banana agar. Fennent one dozen mashed ba- 
, nanas for 48 hours, strain through cheese-cloth, add agar, steril- 
ize and slant. 2. Pasteur’s culture fluid agar. , 
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10 graiBs ashes of yeast 
10 grams ammonium tartrate 
100 graimi rock candy 
lOOO grains water 

Add agar, sterilize in Arnold sterilizer, slant. 

Into sterile tubes of these media the introduced adults or pu- 
pae carry living yeast cells which are distributed throu^ the me- 
dium by the activity of the larvae. ^ 

/. Are living yeasts present in the egg or pupa? , In the follow- 
ing experiments undertaken to show that microbganisms are not 
transmitted through the egg of Drosophila, the first precaution 
was to free the insect from external microdr ganisms,^ Usually 
eggs are used for this purpose, but the small size of l^sophila 
eggs makes this a difficult procedure. As it is well known that 
the lining of the digestive tract of larvae is thrown off upon pu- 
pation, pupae were selected for sterilization! 

The pupae from a culture strong %i yeasts were submerged 
in 85 per cent alcohol for ten minutes and then introduced asep- 
tically into sterile slant culture tubes of agar-agar and fermented 
b^ana filtrate. If no yeast developed around ihe pupae^ which 
were placed on the food, the tube remained sterile after the 
emergence of adults, oviposition, and hatching of larvae. The 
sterihty of the tube was later tested by introducing a few loop- 
fuls of the medium into a sterile tube of similar food. It , had 
previously been determined that yeast developed readily on fer- 
ment^ banana agar. 

2. Larvae which had been feeding on media containing living 
yeast cells were submerged and washed in 85 per cent alcohol and 
then introduced into sterile culture tubes. In all cases yeast de- 
veloped on the hew media. Cultures from the digestive tracts 
of the larvae gave similar results. Apparently, many cells es- 
cape digestion in the stomach, as is the case with seeds or Insect 
eggs in birds. 

3. were sterilized by soaking in 85 per|^cent alcohol for 
ten minutes. The larvae which hatched were always sterile. ^ , 

From the foregoing experiments we may conclude that li^g 
microorgMusmi are not present in the eggs or pupae of Drosophila. 
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How^srer, a loose symbiosis exists between yeast and the insect. 
As mentioned above, surface fungous growths disappear in the 
presence of larvae which often seemed to be more numerous at 
this point. From these observations I inferred that the larvae 
fed upon the microorganisms present, 
g. Stejilization of pupae. The sterihzation was accomplished 
by the use of ethyl alcohol. As a precaution the operator’s hands 
were washed in alcohol, and a lighted burner, clean forceps and 
platinum loop as well as sterile culture tubes were ready on a^ 


TABLE 1 


CTLITBB 

NO. 

. i 

210. 

PU?AZ 

ALCOHOL TREATUXNT 

y 

0 « _ 

LABVAI/PMIOD 

CO NTAMl NATION 

A 8 

2 

50% 10 seconds 

2 

None 

Yeast cells 

A 9 

2 

50% 5 seconds 

2 

None 

Yeast cells 

A 10 

3 

50% 20 gecon^ 

3 

12 days 

Yeast cells 

A 11 

3 

' 50% 2BeconA 

3 

11 days p 

^ Yeast cells 

A 12 

3 

50% 2 seconds 

3 

14 days p 

Medium brown, yeast 
coccus, rod 

A 13 

2 

5|% 2 seconds 

1 

None 

Yeast cells (?) 

A 17 

3 

85% 2 minutes * 

3 

26p 

Yeast cells 

A 18 

8 

85% 5 minutes 

6 

28d> 


A 19 

5 

85% 6 minvtes 

5 

None 


A20 

6 

85% 7 minutes 

^ 6 

' 26p 

Yeast cells 

A 24 

5 

85% 10 minutes 

4 

25d 


A 25 

7 

85% 10 nr.intitcs 

6 

44d 



^ d indicates larvaNdeath 
p indicates pupation 


table also washed with alcohol. Pupae were taken from a tube 
having a strong growth of yeast, but uncontaminated by molds® 
and placed in a sterile watch-glass. Alcohol was then poured in 
till the pupae were submerged. All floating pupae and all larvae 
wer^ removed. The results of this treatment for different pmods 
of time are shown in table 1. 

The pupae are able to withstand a treatment of 25 minutes in 
85 per cent alcohol if applied when they are^about two days old. 

* * The frequency with which pure yeast growth^ occur in. Drosophila cultures 
bas already been mentioned on page 4. 
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Treatments of *fiv€f minutes seldom kill the pupae, and in 90 per 
cent of the cases render them sterile. The sterilizing effect was 
not entirely understood till pupae were used which^came from a 
Drosophila stock bottle of fermenting banana contaminated by 
molds and bacteria. These pupae when washed with 85 per 
cent alcohol saturated with HgClf were sterilized in less than 50 
per cent of the cases as shown in table 2. 

This indicates that the sterilization involves two stages, 1) de- 
struction of molds and bacteria by feeding of the larvae and a 
good strong yeast growth and, 2) killing of yeast by alcohol. 

The toxicity of alcohol for yeast cells is shown to be high by the 
following experiments: 

Three grams of yeast were separated in 25 cc. of sterile water 
and two drops of this fluid were added to each of ten watch-glasses 
filled with 85 per cent alcohol and to ten sterile ba^tana-agar tubes. 


TABLE 2 


NO. 

CVLTURK9 

PUPAE 

TREATMENT 

T 

NO. ADULTS 
EMBBQED 

NOv^ruBES 
: CONTAMINATED 

NO, PUPAE 

contaminated 

15 

150 

85 per cent alcohol 
sat. with HgCU 

15 

g 



After 1, 5, 10, 15, and 20 minutes, respectively, two sterile banana 
agar tubes were inoculated with two drops of yeast from the 
watch-glasses of alcohol. The tubes were kept under observation 
for 21 days. The results in table 3 show that a five-minute ex- 
posure to 85 per cent alcohol is fatal to yeast cells. 

k Test of sterility. The sterility of a culture tube could usu- 
ally be judged by the fact that no growth occurred, 1) around the 
pupae which were placed on the medium, 2) at spots where adults 
regurgitated on the medium, 3) at adult fecal spots, 4) upon ovi- 
positjon, 5) upon emergence of larvae, 6) upon pupation of larvae. 
If no growth occurred in the first case, i.e., around the pupae, the 
medium show^ed no sign of contamination throughout the life- 
cycle. Bacterial growths visible around the pupae might dis- 
appear during the life of the larvae, but usually reappeared when 

^ Paine (Ul) showed that yeast cells are highly permeable to alcohol which 
readily and petmanAtly plasmolyzes them. 
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the larvae pupated. Apart from visible growths, the ster- 
ility of the tube was tested by introducing loops full of the medium 
on which larvae were working or had pupated into a sterile tube 
of one of the following media; potato agar, banana agar, Pasteur’s 
agar, nutrient gelatine, nutrient bouillon and yeast agar. One 
or all of these media were used to test the environment of the 
larvae for the presence of microorganisms (fig. 18). Usually 
crushed adults, pupae, or larvae were also introduced into the 
test culture tube. The method of inoculation was by stab^ or 
streak; in the former case semianaerobes could develop. Ba- 
nana agar was used most often, as it more nearly resembles the 
natural|^nvironment of the fly and its associated organisms and 
also can support vigorous growths of a large flora.® 


TABLE 3 


NUMBER or INOCULATfONS 

TIME or EXPOSURE TO 86 

PER CENT ALCOHOL 

NUMBER or CONTAMINATIONS 

10 

' mi'n. 

0 

10 

2 i 

1 

2 

2 i 

.5 

0 

2 

10 

0 

2 


0 

2 

20 

0 


Smears of the media were examined after staining in the usual 
manner with eosin or Loeffler’s methylene blue. This examina- 
tion was made with a 1.6 mm. Zeiss objective. Fresh- smears 
were examined, before staining, with dark and light field 
illumination. 

B. Food of Drosophila, a. Growth of sterile larvae on ster- 
ile fruit. From the foregoing experiments it is clear that yeast 
is always present in the habitat of Drosophila larvae and is 
usually imported into sterile media on the body of the adult or 
pupa. Pupae and eggs do not contain living yeasts and any 
yeasts on the external body surface can be killed by alcohol. 

® For example, Cocobacillus acridiorum, Bacillus prodigiosus, B. coli, B. aceti, 
Streptococcus dispar, Saccharomycetes cerevisiae, S. ellipsoideus, S. anomalus, 
Penicilium glaucum, Rhizopus nigricans, Aspbrgillus, Fusarium, Gliocladiura, 
etc. 
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If sterHe pupa#are placed on a sterile medium of bkoaz^ 
and protected from contamination, the adults emerge atid 
posit, but the %vae that hatch develofl very slowlv and ^™l y ' 
die before pupating. The great difference in rate of grwrtlf bi^ 
tween sterile and non-sterile larvae on the same food is shown 
fi^e 2. In cultures A 10, 11, 12^ amd 17. living yeast cells were 
present and the larvae grew at a normal rate, reaching the full 
length of 8 mm. in eleven to twenty-six days when pupation took 
plwe. In cultures^ A 18 and 25, on, the other h^d, the sterile 
l^ae reached a size of only 3 mm. after twenty-eight to f ortjr- 



Fig. 2 Larval growth on banan^ agar. A 1ft, 11, 12, 17, growth in pultures 
infected with living yeasts ; A 18, 24, 25, slow growth of larvae in sterile cultutes ; 
A 24, infected with Uving yeast on twenty-sixth day, causing an increase in 
growth. ■ . ' 

% 

four days, when they died. In culture A 24 the sterile larvae 
reached a length, of 2 nun. in twenty-six days when the medium 

® The size of the larvae on di£fercn| media was deteisnined by placing the tubes 
and a millimeter scale on the stage of a binocular microscope and measuring the 
length of five to ten of the larger specimens while 'crawling’ at full length. The 
larger specimens were selected for measurement because, although female adults 
were allowed to oviposit for only one day, the eg|^ showed considerable variabil- 
ity from one tp three days in*their date of hatching, depending on the readiness 
with which the female oviposited on the medium. 

The cultures were kept in a steam-heated room in which the maxiinum tem- 
perature for the entire period of experimentation varied between 96® and 71 
and the minimum between 73® and 56®F. As compared experiments wenertih 
parallel in time, the error due to temperature differences should not be great. 

It shoAild be kept in mind that each point on a curve of growth is the average 
of the whole culture of larvae, f.e,, usually twenty or more mdiyiduaU^thue a 
single curve has considerable weight. " . 
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tas iflocuiated with living yeast. This caused a rapid increase 
in size and ended in pupation six days later. . 

The acceleration which takes place on infecting a sterile me- 
dium with ffving yeasts indicates that the alcoholic treatment 
in steilizing the pupae does not cause the decrease in the rate, of 
growth of the sterile larvae. Other ca^es of acceleration which 
occurred due to accidental contamination of a sterile medium 
quite often bore out this conclusion. 

Therefore, it is certain that sterile larvae grow more slowly 
than non-sterile larvae on sterile food, and that the rate of 
growth can be increased by infecting the medium with the living 
yeast. 

6. Is fruit the food for Drosophila larvae or merely the sub- 
stratum for yeast cells? As sterile larvae grow so slowly and 
do not pupate in sterile fruit, but develop normally if it is infected 
with living yeasts, the question arises as to the true position of 
the fruit in the^ecplogy the insect. By using ^a medium con- 
taining the inorganic salts and the sugars and ammonium tar- 
trate necessary for yeast growth, the starch, oils, fats, proteins, 
and other substances of the fruit were eliminated from the 
expainent. * 

The composition of the medium was as follows: 

Agar-agar 4.0 grama K2HPO4 0.165 grams 

Grape-sugar 16.5 grams MgSO^ 0.166 grams 

Cane-sugar 16.5 grams. H 2 O 200 cc. 

Ammonium tartrate 3.3 grams 

Sterile laryae lived pnly five days on this sterile medium and 
showed no increase in size; but if tie medium was infected with 
living yeasts, the larvae grew at a normal rate, reaching ^their 
maximum size in ten days, and pupated normally. The adults 
which emerged from these pupae were sexually fertile and of 
large size. Thus, in the presence of living yeast, Drosophila 
larvae grow nornially in a synthetic nutrient medium for yeast 
With.^inmonium tartrate as the only supply of nitrogen. There- 
fore the simplest nutrient medium for yeast if infected with liv- 
ing yeasts is equivalent to fermenting fruit in the ecology of Dro- 
sophila larvae. 
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The nutrient medium for yeast in itself is not an adequate sub- 
stitute for sterile fruit, as Drosophila larvae live longer on the 
latter, e.g., ^ 

Medium Increaee tn Length Loagm^ ‘ 

Sterile banana agar 1.8 mm, 26 to 44 days 

Sterile yeast nutrient Tnedium Q mm. 5 days 

Therefore sterile fruit has greater food value for sterile larvae 
then the simplest ^nutrient medium for yeast.’ Fruit is mainly 
the nutrient substratum for yeast cells, but has some food value 
for Drosophila larvae. 

c. Are products of fermentation essential food requirements 
of Drosophila larvae? In the preceding experiments living 
yeast cells had an opportunity to develop and form products of 
fermentation in the media. As these products may have food 
value for the larvae, the essential difference between a septic and 
a sterile food might be the absence of these substances. If this 
were the case, the larvae would be dependent ^n yeast not as a 
food, but as a chemical agent. 

By boihng yeast before adding it to yeast nutrient agar, the 
, formation of fermentation by-products was prevented. Fleish- 
mann’s bread yeast was used for this purpose and 6 grams were 
added to every 100 cc. of yeast nutrient agar. On this medium 
sterile larvae grew at a normal rate, reaching their full size in tpn 
days and pupating normally. This proves that Drosophila lar- 
vae grow normally on dead yeast in the absence of any by-products 
of fermentation. * ^ 

d. Is yeast a complete food for Drosophila larvae? In the 
media used thus far various substances besides yeast were present. 
To eliminate these and determine whether or not yeast alone is a 
complete food for Drosophila larvae, media were made up of 
Fleishmann’s compressed bread yeast, water, and s^ar-agar.^® 
It was found thht sterile larvae on a medium of 6 grams yeast 
per 100 cc. water grew as rapidly as non-steriiejarvae and many 
times faster than sterile larvae on banana. In figure 3 cidtures 
W 3, 4, and 5 show that larvae on dead yeast grew to maximum ^ 

Sterile larvae live a maxituum of five days on sterile 14 per cent agar and , 
water ifiedium, showing no increase in size. 
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fflzein foiff or five days, while larvae on sterile banana (A) did not 
reash l^eir faaximuin sise in twenty-eight days. 

Tte minimui^ requirement of yeast was fojind by the use of 
media consisting of 1, 2, 3, 4. 6, 9, 12, and 24 grams of yeast, re- 
spectively, separated in 100 cc. of water and thickened with pow- 
dered agar-agar. ' On sterile 1 per cent yeast the larvae grew very 
slowly for twenty days, dying at a length of 4 mm. without pu- 
pating. ' , On ^rile 2 per cent yeast larvae pupated when 5.5 mm. 
in length, reaching this size on the 10th day. • On 3, 4, 6, 9, and 
12 per cent yeast media the results were much alike, the larvae 



Fig. 3 Larval growth on dead yeast. W 3, 4, 5, show rapid growth on dead 

ye^t; A, shwa slow growth on sterile banana. 

reaching a size of 7,5 to 8 mm. in length on the third, fourth, or 
fifth day and pupating before the eighth day. On 24 per cent 
yeast the larvae often reached a length of 6.5 mm. on the first or 
second and pupated before the sixth day. 

R^rds of the growth of cultures of larvae, on ^east media 
different strengtl^, follow in table 4 and the mean larval 
periods included m table 5. In figure 4, curve 1 shows th^ 
ra^d ^wth on 24 per cent yeast; curves 2 and 3, the maximum 
toatnnnimum rates of growth on 3 to 12^ per cent yeast, and 
growth on 2 and Tper cent yeast. 


JffCBXAl, EX^fiBlMENTAt, ZO^LOCT, YOlr. 28, HO. 1 
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TABLE 5 


UBDIA 

r H 

■< 

• 

a 

h ' 

1 ^ ’ 

< 

5 

a 

0 

55 

fi a 

is 

U 

a > 

'A H 

< a 

X 

S3 

§5 

E? 

, g> 

1 

£ 

h] 

a 

< 

6 

K 

< 

h 

‘'s 

S5 

H 

.r 

z d 

M a 

o 

Hot aqueous sol . unfermented 1 

8 

20. 



3 

5. 



banana^ 

J-i 

4 

28.75 

1.29 

4.5 


5.5 



Banana mash 

1 , 

1 

Il.O 



0 1 


i 


Banana mash 

4 

2 

13.0 

t 






Agaricus campestris ■ 

..... .1 

14 

12.43 ; 

1.89 

15.2 

14 1 

3.85i 

0.6221 i 

16,1 

1 per cent yeast — 

2 

0 , 

20, j 



1 

1 

i 


2 per cent yeast — 

1 

10 1 

11.4 ] 

1.42 

12.4 





3 per cent yeast — 

1 

20 

7.14 ] 

0.27 

3.78 

29i 

4.75| 

0,2318 ; 

4,8 

3 per cent yeast — 

2 

10 

6,00 1 

0.14 

2.03 

i 

i 



3 per cent yeast — 

3 

fiO 

6,32 j 

1.93 

30.5 

40 i 

4. 331 

0.0409 

0.9 

4 per cent yeast — 

1 

2.S 

1.3. 05‘ 

1.55 

11.1 





4 per cent yeast — 

2 

36 : 

6,47 

1.70 

26,0 ; 

33 

6.63 

11.66 j 

25.0 

4 per cent yeast — 

3 

40 

7,20 

^ 1.208 

14.00 

30 

5.58 

2.89 j 

43,59 

6 per cent yeast — 

1 

17 

5.00 j 

0.0 

0.0 

20. 

4,0 

0.0 

0,0 

6 per cent yeast — 

2 

21 

6.0 1 

0.308 

5.1 

20 

4.4 

0.154 : 

3.5 

6 per cent yeast — 

4 

61 

6.46 

0,lo7 

2.4 

60 

4.37 

0.2454 

5.6 

12 per cent yeast — 

2 

40 

5.8 

0,5 

8.8 

40 

5.45; 

1.07 

19.6 

12 per cent yeast — 

3 

51 

7.0 

0,713 

10.2 

51 i 

4.46 

0.6361 i 

14.2 

12 per cent yeast 

.4 

17 

6.3 1 

0..52r) 

8.3 . 

17 i 

4.17i 

0.41 

9.8 

12 per cent yeast .... 

5 

50 

7.8 1 

1,095 

14.0 

25 : 

3,68 

1.2 

32.6 

24 per cent yeast , , . . 

1 ; 

60 

.5.21 

1.61 i 

.30,9 

60 

5,44 

0.527 

9.6 

24 per cent yeast — 

2 

12 

4, >83 

0. 188 

3.8 

12 

3.93 

2.02 

56.0 

3 per cent yeast 

■average 

89 

6.55 



60 

4.50 



4 per cent yeast 

. .average 

76 

6.85 



66 

5.8.5 



6 per cent yeast — 

. .average 

79 

'6.U 



100 

4.30 



12 per centyqast 

•average 

158 

6.87 



133 

4.07 



24 per cent yeast 

. average 

72 

,5.14 



72 

.5.18 




^ Fi from adults reared oa Agaricus campeetrie. 


These experiments show that dead yeast is an adequate food 
for Drosophila larvae when in a concentration of 2 per cent or 
mOTe. 

e, Gan Drosophila larvae complete their growth on any veg- 
etable food other than yeast? Bacteria and fungi other than 
yeasts appear to have some food value for Drosophila larvae, as 
in microscopic examinations of the digestive tract bacteria oft^ 
form the bulk of the contents. The following experiments show 
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that these microoi^amsms as ^ 

yeast cells. A few larvae were reaied ol^ vinc^^laht^ a^ 
pupating on the i^th day. On n^ure agar wa^ ^wer ^ 

^ and pupation took place on the fifteenth day. On lactlc^Md Wa- 
cillus and on Rhizopus nigricans agar no ^owth took pliwie, but 
the larvae died in three to five days. On plain agar infected 'mtii 
a semianaerobio bacterium a few larvae pupated after t#enty-^ 
days. Therefore yeasts are a more complete food left Dirosophila 
larvae then other bacteria or*fungi. ' . 

I have already shown that fruit (banana), is of some food value 
for Drosophiia larvae, as it will keep the insects* alivef^r periods 



Fig. 4 Larval growth on various media, 1, 24 per cent yeast; 2, maximum 
3 to 12 per o^nt yeast; 3,^ minimum 3 to 12 per cent yeast; 4, vinegar plant; 5, 
mushroom; 6, yeast nucleoprotein, sugars, and salts;?, 2 p»er cent yeastiB, hot 
aqueous extract of banana; 9, 1 per cent yeast; 10, cold aqueous extract of banana. , 

of twenty-eight to forty-four days and permit them to increa^ in 
size to a limited extent. , 

The activity of the larvae and analysis of the banana indicate 
that the insect is abundantly^ supplied with carbohydrate 
per cent sugar in ripe fruit). The protein content; on the olher 
hand, is relatively low (1 per cent) and is probably deficient. 

The long life of the larvae on sterile banan?^ with the accbfii- 
panymg slow increase in size, indicates that all the fbod’^^pMt^ 
required for maintenance and repair of ti^ue are present, but^'flie 
protein content is either too small or lacking or deficieftt ltt^ 
amino-acid necessary for growth. The^e is fl&o the'pos^bility 
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%that some, vitMaine may be absent or may have been destroyed 
by the high temperatures of the autoclave. 

■ S<une light is thrown on these questions by a comparison of the 
rates of growA of larvae on banana media which have been more 
,hi^ly ooHCfflitrated by partial desiccation or by extraction with 
hot yfater. The growth of insects on fhese media is shown in table 
6 and figirfe 5. 

■ Chi fterile food consisting of mashed whole bananas, especially 
whm they have dried out slightlyeand are thus concentrated, an 
occaaonal small pupa is formed. On a hot aqueous extra* of lia- 
nana a’ larger number is formed from which small adults emerge. 


TABLE 6 


MEDIA 

LABVALPBBIOO 
{20 OR MORE LaRTAI IN 
EACH CASE) 

NO. 

PCPAI 

NO. 

ADULTS 

ll 

8* 

Banana mash 1 . . ^ 

11 days 

1 

0 


Banana maah 2 

7 days 

Id 

16 

4- 

Banana mash 3 

22 days 

1 

1 


Banana mash (slightly shrunken) 4, . 

13 days 

2 

2 


Cold aqueous extract of fermentedf 

28 days (Average) 

0 

0 

_ 

banana \ 

12 days (Average) 

73 

70 

-f 

Cold aqueous extract of 'unfermentedj 

25 days (Average) 

0 

0 


banana j 

13 days (Average) 

90 

85 


Rot aqueous extract of unfermentcdj 

20 days ■ 

S 

8 

- 

banana , || 

29 days 

9 

9 


_i 

' 9 days (Average) 

68 

66 

' + 


These are potentially fertile, for when fed with yeast, the females 
deposit fertile eggs from which normal larvae emerge. This will 
be di^ussed below at greater length. On cold aqueous extracts 
of umermented banana, no larvae pupate. 

results show that concentrated banana permits complete 
^d more rapid growth of larvae. Therefore, the fruit is not en- 
^ amino-acid necessary for growth nor is any 
i^amine absent or destroyed by sterilization. It appears, more- 
that concentrated banana forms a complete food for Dro- 
^ph^ laTvao, he,, the prptein deficiency, of fruit is quantitative 
ihm qualitative. 
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As Agaricus camp^stris has a protein content of 3.5 per cent as 
compared with the 1 per cent protein content of banana, tins fungus > 
was used as a food for larvae. Drosophila females oviposited read- 
ily on a medium of powderki Agaricus campestris, Water, and agar. 
The sterile larvae grew rapidly to a size of 6 mm. (the maximum 
size on yeast is 8 mm.) and pupated after an average of 12.43 days. 
The curves of growth are shown in figure 6 and a typical record 
in tables 4 and 5, The adults that emerged from these pupae were 
sexually fertile, but were quite *nalL A generationof larvae reared 
from s6me of these ^Ults grew more slowly than normal on 4 per 



Fig. 5 Larval growth on banana. 1, mashed whole banana infected with 
living yeast; 2, 3, 4, sterile mashed whole banana; 5, 6, hot aqueous extract of 
banana; 7, cold aqueous extract of banana. 

cent yeast, requiring thirteen days instead of seven days to reach 
maturity (fig. 6, curve 2, and table 5). Sexually fertile adults 
can be reared from larvae fed on mushrooms, but such adults are 
undersized. Agaricus campestris meets more n^y the food 
requirement of larvae than banana; this may be due to the higher 
•percentage ^tein Content of the mushroom or to a relatively 
higher content of certain necessary amino-acids. * 

/. Is yeast a more adequate food than fruit because of its high 
protein content? The slow growth and small size of larvae and 
their failure to pupate when reared on sterile fruit are typical 
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symptoms of protein deficiency. This deficiency is quantitative 
rather than qualitative, because more normal growth of the lar- 
vae is permitted when the fruit is concentrated. 

As these symptoms of malnutrition are not shown in larvae 
reared on yeast, we would expect to find a high protein content of * 
adequate components in this food. This assumption is correct, 
for Atwater 'and Bryant (’02) have found by analysis that the 
percentage protein content of yeast is 1 1 per cent.. This is higher 
than the percentage occurring in any fruit or in Agaricus campes- 
tris, and Meisenheimer (’05) has shown that, most monoamino- 
acids occur^ in yeast protein. 



Fig. 6 Larval growth on mushroom. IL 4, ninshrooni ; I, normal growth on 4 
per cent yeast; 2, growth of larvae of mushroum-hal adults on 4 per cent yeast. 


Is the rapid growth of larvae on yeast due to this high protein 
content or to other substances present in the yeast cell, such 
as glycogen, fat, gums, hemicelluloses, etc.?' By extracting the 
yeast nucleoprotein and making media with known sugars and 
salts, this problem was solved. The method employed to extract 
the yeast nucleoprotein and to make the media is described in a 
foot-note below.i^ 

' *4 The pure yeast nucleoprotein was obtained in the usual manner (Hawk, '16), 
M follows; the cells in 4 pounds of baker’s yeast (Fleishrn ana’s bottom bread 
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The ^QWth ol laryae on yeast nucleo|Rt)t^ inecUa is shoi^^ 
^UKv? and table 7. Table 7 showB ihat larvae do tiot grow m 
nncleoprotein in the absence , of Pastm’s solt^iofitj but, if these 
adts aiMi sugars are added, do grow rapi<fly and form lai^ numbers^ 
of normal pupae from which nonnal highly fertile adxilts ranerge. 

yeast) were killed by ether and brcsken open by grindi^s inu modiar with a quan- 
tity of pure white diatomaceous earth, adding enough i^ater to keep the mass in 
a. sticky, smooth condition. The grading was eontinued till examination with a 
r.6.*inm. objective showed that many of the yeast cells been cut into irregular y 
rectangles. The yeast yss then poured with the addition of HA per cent NaOH 
solution into a large bottle and 8000 cc. of the ^Ikalf were added. About 40 cc. of 
chloroform were then mixed with the solution to prevent the developnient of bac- 
teria/ The contents of the bottle wbre thorou^ly agitated sevegral times a day. 
After forty ^igbt hours the supernatant fluid was poured off, leaving a great part 
■ of the yeast and diatomaceous earth in the bottle. This fluid was centrifuged in 
a large-sized electric centrifuge with a capacity of four 25ffcc. bottles. Each liter 
was run for twenty minutes (fifteen minuted at maxim^um speed) and the auper- 
^tant fluid carefully poured off. This fluid was exienined for yeast cells with a 
1.6-inm objective and showed an entire absence of them. After all the yeast cells 
liad been removed in this manner, the liquid had a clear opalescent color and 
proved to be rich in nucleoprotein. This was precipitated in great white fioecules 
by adding \0 per cent HCl in drops. The precipitate dissolved in the alkaline or 
neutral solution, but remained in the slightly acid solution in which' the largest 
nmoUnt was formed. The precipitate was separated pure from the solution by - 
■centrifuging and washing with acid alcohol and neutral alcohol in which it was 
insoluble. The white precipitate was then dried over HsSOi, forming a white 
'powder. The remaining fluid was neutralized with N/10 NaOH and dialyzed for 
five days in running water, keeping the surface covered with toluol. No precipi- 
tate y^as formed. The neutral, salt-free solution \ya8 then heated to boiling and 
acidified with a drop of HCl or acetic aid and also acidified and then boiled. No 
marked precipitate was formed. Half saturation, ccfeplete saturation with 
(N Hi) SO 4 when hot or cold and saturation with NaCl and with picric acid failed 
to bring dowif any precipitate . A heavy precipitate which appeared to be a, pep- 
tone decomposition product of the nucleoprotein was produced upon the addition ^ 
of phosphomolybdic acid. 

The nucleoprotein was(>ground ip a mortar and then made into media as fol-' 
lows: 1) Nucleoprotein moistened with tap-water was placed in test-tubes and 
sterilized in the autoclave; 2) nucleoprotein moistened witli^asteur’s nutrient 
solution (grape-sugar,- cane-sugar, ammonium tartrate, MgSOi, KjHP 04 , HaO) 

* in test-tu^s and sterilized; 3) nucleoprotein and 1.5 p^r cent agar-agar tap.^ 
water solution autoclaved and mixed asdptically in sterile test-tubes, and, 4) 
nucleoprotein. Pasteur’s nutrient solutimi and 1.5 per' cent agar eolotlqn 
autoclaved 4hd mixed aseptically in sterile t^t-tubes. Jf mixture is made befbre 
autoclaving the protein absorbs (?) the agar and on cooling jellatipn does not 
take place. 



> A NTjptrnONAL STUDY OF INSECTS ^ 23 , 

Adults placed on media f tom which sugars were absent died after 
one to four days, whereas those placed on media containing Pas- 
teur^s wluti<m lived for a much longer time. The larvae oh the 
nucleopprotein alone live for several days, but do not increase in 
size and are not active. It may be that a sweet taste 
necessary to stimulate thdn to take food or it may be that carbo- 
hydrates are necessary ,to furnish energy • ‘fuel.” *The larvae on 
nucleoprotdn and carbohydrates grow slowly at first, but quite 
rapidly after reaching a length of 3 to 4 mm. * This may be due 
to the rathOT large size of the nucleoprotein c^stals or to the depth 



Fig. 7 Larval growth* on yeast nucleoprotein. 1, 2, Z, 4, 5, yeast nuclei 
tein, sugars, and salts; 6, 7, yeast nucleoprotein and tap- water. 

to which they sink in the agar. In figure 7 are shown the curves 
of growth on these media. Curves 1 to 5 show the rapid growth 
on yeast nucleoprotein, sugars, and salts and curves 6 and 7 show^ 
the slow growth or diminution on nucleoprotein alone. One 
curve 6f growth on yeast nucleoprotein and sugar, etc. given (fig. 
4, curve 6) in the same figure with curves for yeast media, shows 
that larvae grow more rapidly on yeast nucleoprotein and sugar 
than oh 2 per cent but less fapidly than on 3 per cent yeast. It 
inust be r^embered that mechanical questions of ingestion and 
the question of taste or olfactory preference may largely affect 
the amount of material eaten and therefore the rate of growth. 
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TABLE 7 


MEDIA 

§ 

b 

^0. 

SdP 

«! R Q 

Q E H 

a 

e 

S 

H 

Pk 

■iJ - 

•4 

b 

ti 

6 

z 

b 

■< 

6 

z 

COKTA MINATION 

Nucleoprotein + tap water No. 1 

-2 

6 

3 

3 

+ 

Nucleoprotein + tap water No. 2 

2 

5 

4 

4 

+ 

Nucleoprotein -f tap water No. 3 


12d 

0 

0 


Nucleoprotein + tap water No. 4 


lOd 

0 

0 

' — 

Nucleoprotein + Pasteur's sol. No. 1 


10 

1* 

0 

_ 

Nucleoprotein + Pasteur’s sol. No. 2 


5 

0* 

0 

_ 

Nucleoprotein + Pasteur's sol, + agar No. 1. 

5+ 

*■ 22 

3+ 

1 + 

_ 

Nucleoprotein + Pasteur’s sol. + agar No. 2. 

: 6+ 

16 

80+ 

80+ 

_ 

Nucleoprotein Pasteur’s sol. + agar No. 3. 


21 

10+ 

? 

_ 

Nucleoprotein + Pasteur's sol. + agar No. 4. 

*7 

12 

30 

30 


Nucleoprotein + Pasteur’s sol, + agar No. 5. 


14 

3 

0 


Nucleoprotein + tap water + agar No. 1 


5d 

0 

0 

_ 

Nucleoprotein + tap water + agar No. 2 


21d 

’’o 

0 


Nucleoprotein + tap water + agar No. 3. . 

3 

16d 

0 

0 

_ 

Nucleoprotein + tap water + agar No. 4 


5d 

0 

0 

_ 

Nucleoprotein + tap water + agar No. 5 

1 

5d 

0 

0 


Nucleoprotein -f tap water + agar No. 6 

2.5 

5d 

0 

0 

— 

Nucleoprotein tap water + agar No. 7 

4 

Ox 

0 

0 



X No eggs laid, 
d indicates death. 
* Media dried. 


‘Hence the objection that there is no exact naathematical corre- 
lation between the rates of growth and the protein conceiitration 
is not irrefutable evidence against the view that primarily such 
a relationship ^sts. For example, some farm animals will lose 
weight on a soy-bean diet of high protein value, but of a taste 
they do not like. 

Since Drosophila grows normally, pupates in large numbers, 
and develops into fertile adults of good size, it appears that a 
medium of yeast nucleoprotein, sugars, and inorganic salts is a 
complete food for this insect. It has already been proved by 
experiment (p. 13) that larvae do not grow on sugars and inor- 
ganic salts alone, so that the nucleoprotein is the substance which, 
if added, makes the, mediiun equivalent to yeast cells as food for - 
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the insect. As the sugars and inorganic salts arevabundantly 
present in fruit'^ and the addition of nucleoprotein of yoast is 
sufficient to make the synthetic medium a complete diet for Dro- 
sophila, it can be said that yeast is a more adequate food than fruit 
because of its high protein content. 

Conclusions. 1. Insects can be conveniently reared in a 
solid agar medium. * 

2. Larvae prevent the development of molds on the medium, 
but are always associated with living yeasts. 

3. For genetical work fermented banana agar or Pasteur’s 
culture fluid agar is most convenient. 

4. Living yeasts are not present in the egg or pupa. 

5. The exterior of pupae can be sterilized by washing in 85 
percent alcohol for twenty minutes. Yeast cells are more readily 
killed by this treatment than molds. 

6. Banana agar is a good culture medium for fungi. 

7. Sterile larvae grow more slowly than non-sterile larvae on 
sterile fruit; the rate of growth can be increased by infectiiig tlie 
medium with living yeasts. 

8. The alcoholic treatment in sterilizing pupae is not the cause 
of the slow growth of larvae on sterile food. 

9. The simplest nutrient medium for yeast, if infected with 
living ye^t, is equivalent to fermenting fruit in the ecology of 
larvae. 

10. Sterile fruit has greater food value for larvae than ‘'sterile 
nutrient medium for yeast/’ 


’’ Atwater and Bryant (’00) give the following analysis of the edible portion of 
banana ; 

• Total car- 

Waler Protein Fat bohpdrate Ash Fud value 

percent percent per r.eid percent percent per 


Minimum 06.3 1.0 0,0 16,3 0.5 .330 

Maximum 81.6 1.0 1.4 29.8 1.1 640 

Average 75.3 1.3 0.0 22,0 0.8 400 


Prescott (’17) gives this analysis of banana ash: 


, percent percent percent 

Silica 2.19 Phosphoric acid. . . 7.(^ Potash 43.55 

Lime ...1.S2 Magnesia 6,45 Sulphur t'rioxide , . 3,26 

' Iron oxide 0,18 Soda 15.11 Chlorine...' 7.23 
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11. Fruit*, is mainlj'' the nutrient substratum for yeast cells, 
but has some food value for larvae. ' 

12. By-products of fermentation are not nedessary for larvae. . 

13. Dead yeast is an adequate food for larvae when in a con- 
pentratipn of 2 per c^t or more. 

14. Yeast is a more complete food for larvae thah^ other 
funp. 

15. Concentration of b^anana by hot-water extraction or drying 
makes it an adequate food for larvae. 

16. The protein deficiency of fruit is quantitative rather than 

qualitative.* . 

17. Agaricus campestris meets more nearly the food require- 
ments of larvae than banana. 

18. Yeast nucleoprotein, sugars, and salts are an adequate 

food for larvae. , . 

19. Yeast is a more adequate food than fruit because of its 

higher protein content. . ' ' 

C, ^Disacssion, a. Effect of food on larval, pupal and aduJt 
life. On page 15 and in table 5 and figure. 4 it has already been 
shown that the concentration of yeast affects the length of the 
larval period. This effect can be spen ipore clearly if we plot 
the larvfc period on the axis of ordinates (vertical), of a graph, 
and the number of grams of yeast per 100 cc. of water, in the 
media, on the axis cff abscissae (horizontal). A curve drawn 
through the points established represents the effect of the concen- 
tration of yeast upon larval life. This curve is‘ drawn 'in figure 
8; It changes its direction very suddenly at a point between 2 
and 3 per cent of yeast, going up from a larval life of 6.55 days 
on 3 per cent to a period of 11.40 days on 2 per cent yeast. If 
we continue the curve in the same direction we approximate a 
period of twenty days representing the larval life (which ends 
in death) on 1 per cent yeast medium.. This great change in the 
direction of the curve indicates that there is a definite concen- 
tration (2 per cent) of yeast necessary for the completion of the 
larval period. Between yeast concentrations 2 per cent and 3 
per cent there is a difference .in the larval period of 4.95 days, 
whereas between concentrations 3 per cent and 12 per cent th^e 
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is only a variation of 0*76' day^and betw^een 3 per ’cent and 24 
per cent — a difference of 1.11 days. It appears that the normal 
condition for larval ’growth is in a medium of yeast concentration 
between 6 to 24 grams per 100 cc. This is shown in the size of 
pupae in table 8. 



Fig, S The effect of the concentration of yeast on the length of the larval and 
pupal periods. * 


A concentration of 1 per cent of yeast appears to be sufficient 
to furnish the energy, repair, and some growth requirements of 
the» larvae for a considerable period without furnishing quite 
enough food to allow the necessary growth changes or storage 
preliminary to pupation. The larval period must be considered 
as a nutrition unit. In the case of larvae on 2 per cent yeast, 
iJiei insect obtains in 11.4 days sufficient food material to give 
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» TABLE 8 

Effect ofdarval food on size of pupae 


MEBIA 

rENGTB OF PUPAE 

ADULTS 


mm. 


Bhnanam^h i 

' 2. 0-2.5 


2 per cent yeast. 

2. 5-3.0 . 

t 

Hot aqueous sol. unfermented banana. 

3. 5-4.0 


Agaricus campestris 

■ 3. 5-4. 5 i 

Undersized 

3 per cent yeast 

4. 0-5. 5 


4 per cent yeast 

5.0-5. 5 ' 


6 per cent yeast 

5. 5-6.0 


12 percent yeasi 

5. 0-6.0 

Normal size 

24 per cent yeast 

5. 0-6.0 



the energy^ wear and tear, growth and 'storage requirements. 
On 3 per cent yeast the larval period approached normal at the 
expense of the reserve stuffs in the pupa, for the latter is under- 
sized. This is also true of 4 per cent yeast. On 24 per cent the 
larvae usually reach a size of 6.5 nun. in length on the first day" 
and are therefore three days ahead of all larvae on media of 3 
per cent yeast;. still pupation occurs only 1.41 days earlier. Ap- 
parently there is a certain periodicity in the larval life, since 
there is a tendency, for the larva to pupate after a certain length 
of time whether it reaches the maximum size before this period 
or is still undersized. The probable explanation of ’this phenom- 
enon i^ that certain changes go on in the larva, since a nieta- 
niorphosis of the nervous system and digestive glands is known to 
take place during this period, at a definite rate if the minimmn 
necessary food substances are available. 

The pupal periods (table 5) of Drosophila, fed during larval 
life on different concentrations of yeast; are also plotted in figure 
6. The figures show that there is no consistent variation be- 
tween the pupal period of larvae which lived for a long or a short 


Mendel and Jiidson (’ 16 ) studied the proportional weights of skeletons of 
retarded rats and found that the skeleton grows at a normal rate in retarded in- 
dividuals. On normal food the growth of retarded individuals is accelerated, but 
that of the skeleton is retarded till equilibrium between tissue and skeleton weight 
is established. 
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period before transfomung. Therefore, the ])upal period is not 
correlated with the length of the larval life, i.e., it luis. also, a 
fixed periodicity. 

The growth of insect larvae may be retarded on sterile fruit 
and then greatly accelerated by adding living yetist cells to the 
food.^ Three curves showing this effect are drawn in figure 9 
and curve A 24, figure 2 has already been referred to (p, Kl), 
The insect can be maintained for a long period of time on a 
minimum of protein (banana) at the same size or slowly increasing 



Fig. y The growth of rot arch'd larvae. 1 , larvae from hot aqueous extract of 
banana placed on 4 per cent yeast on eightli day; 2 , larvae from liot aqueous (‘x- 
tract of banana placed on 9 per rent yeast on fourteenth day; 3, larvae from cold 
aqueous extract of banana, living yeast introduced on twenty-sixth day. 


size, after which it may be made to develop to normal size by 
placing on an adequate diet (6 per cent yeast). Except in one 
case (fig. 9, curve 3) the acceleration in the growth of retarded 
individuals was not above the normal rate of larvae on an ade- 
quate diet. This may be due to the fact that the length of the 
larva is a poor criterion of the extent of its development and that 
units of one day are not accurate for an animal with a normal 
larv^al period of about six days. 

In this connection it is of interest that Osborne mid Mendel 
(’14) have shown that rats can be kept for a long period at the 
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TABLE 0 

Lengthening of life cycle by retarding larvae 


AQAR MEDIA 

EGO PERIOD 

larval 

PERIOD 

PUPAL 

PERIOD 

LIPE-CTCLB IN DAT* 


daifs 

dai/s 

days 


24 per cent yeast 

1-3 

,5.14 

5.18 

11.32-13.32 

12 per cent yeast 

1-3 

6.87 

4.07 

11.94-13.94 

6 per cent yeast 

1-3 

6.11 

4.30 

11.41-13.41 

4 per cent yeast 

1-3 

6.85 

5.85 

, 13.7 -15.7 

3 per cent yeast 

1-3 

6.55 

4.50 

12.5 -14.5 

Hot aqueous extract banana| 

1-3 

28.75 

2(7.00 

5.5 

5.0 

35.25-37.25 
26. -28.0 

Retarded on cold extract ba-1 





nana. Accelerated on 26th ^ 

1-3 

32.0 

5.0 

38. -40.0 

day with livinp yeast J 






same body weight by underfeeding of protein or by feeding on 
proteins lacking in the amino-acids necessary for growth. In 
this way the “menopause was postponed long beyond the age 
at which it usually appears.” The capacity to grow after adult 
age is not lost if the rats have been retarded (T5), since after 
being stunted for 100 days beyond the normal growth period, 
they may reach full size when put on an adequate diet. It 
“appears as if the preliminary stunting period lengthened the 
total span of their life” (T7). In March, 1916, these investigators 
produced evidence from their experiments that “after periods of 
suppression of growth, even without loss of body Weight, growth 
may proceed at an exaggerated rate for a considerable period,” 

Larvae which have been' retarded in their growth by an inade- 
quate diet and then given the proper amount of yeast food 
develop into normal pupae and adults. The pupal period re- 
mains the same for larvae living twenty-eight to thirty-two days 
as for larvae that have lived five to seven days. This is shown 
clearly in figure 8 and table 5. Thus the total span of the life- 
cycle could be increased from eleven days to forty days or more 
by retarding the rate of larval growth. This is shown in table 
9, - 

b. Sugar .requirement of adults and larvae. The preceding 
“experiment's on synthetic media show that both adults and larvae 
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TAM!, I-; 10 




l.tKr: 1 


,A1)1 I T 1.1 1- K, 


Uaih 


\nf'lni|itcitt'iii + ^UJ^al‘s f salts + water 

\!i<‘l('ti|irot(‘in + sails T water 

Sii}i;ars -|- salts j- water 


10 tn :.’l ())ti|)atei 
a til J1 (<iiet 
(die I 


to 7 f- 
I to 1 

A to 10 j 


mjuiro su^ar us On lUK'loojorotoin and suji:ars laiAur livt' 

ton to twonty-ono days, grow to fnll sizo and |)ii])ato tionuully 
and adults live nan'o than five days. On iui('loo]irotoin and 
wator, howov(‘r, tho larvao livo five to twonty-oia' d:iys without, 
inarkod inoroast' in sizo, hut all adults dit* in <)iu‘ to four days, 
'flioso rosults are shown in table 7 and figure 7. On plain sugar 
anil inorgauie salts, adults live ^i^’(' to tcai days, whilt' hirvae 
die in Ii'ss than li\'e days without iiioreasing in size. facts 

are suniUH'd \\]) in table 10. 

These results sliow that larvae reijuin^ sugars for su(*c(‘ssful 
pu])ation, hut liv(> longer on nucl(‘o])rot(Mn tliaii on jnirt^ 

sugar. Adults, oti tlie contrary, li\-(‘ longer on ])ure sugar than 
on nucleoprotein alon(‘. 

iu’oni general observations it apix'ars that adults oviposit 
inoH' readily on sugar agar than on nuli'oprotein agar, hut de- 
jiosit most eggs and o^'el• tlii' longi'st piT-iod on Tiui'li^oprotein- 
.sugar agar. 'Fherefore it would seem that sugars stimulat(‘ ovi- 
positioii and nucleoproti'iii increases (‘gg produidion and that, both 
sugars and ]>rot('ins are neci^ssary for tlii' nornial acti\itics of 
both larval^ and adults. 

c. 'Fhe natural liahitat of Di'osophila. I liavi' already shown 
hv e>:])eriineuts that I)n)so]diila najuins sugars and ])ro1ein and 
that these substances can be supplied in a most normal form in 
yeast cells, so that it is of intere.st to study llie conditions that 
exist in the natural environment of the iuseid. 

Sohultze fTl) has recorded the fiy as occurring in many dif- 
ferent fermenting and decaying fruits, vegetaldes and fungi, f(‘r- 
meriting tree sap, vinegar, tumors, and animals prr'sorved in for- 
mol. Sturtevant (’Kj) describes a number of new spcx'ii's of 

Carbohydriitos are fornied a.s deeom position prod nets of nnelroprolfin. 
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Drosophila 'from decaying fruit, vegetables and fungi, and from 
feces. Henneberg (^02) suggested that the larvae probably live 
on the microorganisms present in these media. It is apparent 
that microiirganisms are usually present in great abundance in the 
Jarval environment, and from my experiments it appears that they 
normally serve as food for the insect, since the adults are at- 
tracted by the odors of fermentation products (p. 68). Micro- 
organisms, known to occur on the exterior of fruits, probably 
usually contaminate the substratum before the flies oviposit. 
Flics assist in establishing a suitable flora by accidentally carry- 
ing in the digestive tract or on the minute hairs of the body many 
yeast cells. This can be seen in cross-sections of the body (figs. 
10 and 11) and has previously been shown to be the case on page 
8. The yeast growth takes place more rapidly in the presence 
of larvae, because the latter spread the cells throughout the 
medium. At first sight, this would appear to throw doubt on 
the ability of the larvae to digest the yeast cells, but serial sec- 
tions show clearly the process of disintegration. Figures 11, 12, 
13, and 14, are microphotographs of successi\'e sections through 
the stomadaeum, mesenteron, and proctodaeum showing the proc- 
ess of disintegration which takes place mainly in the middle 
digestive portion of the tract. However, as in the case of birds 
which feed upon insect eggs and seeds, many living cells pass 
through the alimentary canal (page 8). 

In nature Drosophila larvae are usually found in a substratum 
suitable as a nutritive medium for microorganisms and abound- 
ing especially in yeasts. In this environment the insect has 
available as food both the substratum, usually fruit, and the micro- 
organism. But why have the larvae become dependent on the 
latter? Three reasons immediately come to mind, viz. : 

1. As all fruits which are soft enough for Drosophila larvae to 
live in are always infected with yeast from the air, the larvae 
would unavoidably ingest fungous cells with the fruit. The nu- 
tritive value of the food would soon affect the life-cycle of the 
insect and bring about a close adaptation to a yeast diet. 

2. Larvae feed upon microorganisms and by their constant 
movements carry the spores throughout the substratum. In 
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this manner yeasts often become predominant and prevent the^ 
dbvelopment of destructive molds. These habits of the larvae 
may have come about through selective killing, for a mortality of 
75 per (»nt was shown in cultures where the acti\dties of the in- 
sects were suspended by low temperatures. This high mor- 
tality occurred only in cultures contaminated by fungi and^ was 
not due ta the low tenperature itself, but to the uncontrolled 
gro\^’th of the microorganisms. 

3. Another explanation may be drawn from a consideration of 
the relative food value of the substratum and the microfirgan- 
isms. The fruits or vegetables of the substratum (omitting 
beans, com, spinach, etc., which are unlikely to form an appreci- 
able number of breeding places have less than 2 per cent protein 
and are relatively rich in carbohydrates. Microorganisms, on 
the other hand, have a protein content of over *10 per cent, but 
are poor in carbohydrates.^® This is shown in table 11. 

The protein content of yeast cells is readily available, as the 
enclosing cell membrane has been shown to be closely allied to. 
pectin (Casagrandi). Salkowski (’94) finds that the membrane 
is composed of two layers, one of which Tonns on hydrolysis 
d-glucose and the other glucose and maimose. The membranes 
are readily destroyed by the digestive juices, as yeast is exten- 
sively used as protein food for- fann animals and even for man 
(Salomon, T6). The components of the yeast nucleoprotein in- 
clude almost every known monoamino-acid cleavage product, 

Kappe8^^’89) analyses of Micrococcus prodigiosus scraped from the surface 
of solid media gave on an average: Water, 85,5 per cent, and dry matter, 14.5 jw'r 
cent, the latter having a percentage composition of protein (N X 0.25) of 71.2 
per cent, i.e., 10.3 per cent for the whole cell. Nucleoprotein has been sepjiruied 
from cholera, bubonic plague, anthrax, and diphtheria bacilli and from H. pyo- 
cyaneUm megaterium and Staphylococcus pyogenea aureus (according to Ben- 
ecke, ^12) and from yeasts by Hoppe-Seyler (71), Kossel (79), and Stutzer (’82). 

Clautrian (’95) showed the presence of glycogen in dried Boletus edulis (20 per 
cent), Amanita muscaria {14 per cent) and yeast (31 per cent). In 186G Hoppe- 
Seyler found 0.25 ^am lecit h i n and 0.44 gram cholesterin in 81 grama of dry yeast, 
.and later Naegli and Loew (78) found 5 per cent fat (stearic and palmitic acid) 
in the yeast cell. Yeast gum (man nan) makes up 6 to 7 per cent of yeast (by dry 
weight), according to Salkowski (’94). Later the following gums were isolated 
from different yeasts, viz., mucin, dextran, laevulan, mannan, arabin and galac- 
tane (Lafar, ^03). 
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TABLE II 


rOOD KATKBIAL 

WATER 

protein 

PAT • 

CABBOST- 

PBATSa 

AW 

AvraoEiri^ 

J^ruits. 

85.9-37.5 



14.4-2.7 


Atwater (*17) 

Vegetables 

94,3-44.2 

1.8-0. 4 
8.65 


21.9-2.2| 

3. 2^.4 

Atwater (’17) ' 
Stutter (’82) 

Yeast 

65.1 i 

11.7 

0.4 

21. 0^ 

1.8 


B. pAdigiosiis. . . 
Putrefactive bac- 

85.45 

m 



1.75 

Kappes (’89) 
iCencki and 

teria 

83.42 

13.96 



lEm 


Mushroom 

88.1 

3.5 

1 0.4 

6.8 

[ 1.2 . 

1 Atwater (’17)- 


1 Probably largely starch ^ tile compressed yeast. Glycogen makes Up 3l 
per cent (by dry weight) and gumes 6 per cent of the yeast. 


viz., gly cocoll, alanine, valine, leucine, proline, phenylalanine, as- 
partic and glutamic acids, tyrosine, tryptophane, and probably 
serine and cystfae (Meisenheimer, 15), and it is therefore not 
surprising that it forms, with sugars and salts, a complete food 
for Drosophila. As the preceding experiments show that Dro^ 
sophila larvae require more concentrated protein than is present 
in the substratum, it is apparent that the habits of the insect are 
for this reason, adaf>ted to the use of the riclily .protein micro- 
organisms as food. 

d. Function of yeast in the ecology of Drosophila. The func- 
tion of yeast in a Drosophila culture is clearly defined by the fol- 
lowing two experiments:^ 

1. Larvae grow slowly on a weak, cold-water ^tract of asep- 
tic unfermented bananas and remain at about the same size for 
a period five tim^ the normal life and then die without pupating. 
If this culture is left open for a few minutes, in such a position as 
to allow a few fungous spores to fall into the medium, the larvae 
wiU increase their rat^e of growth and pupate in a few day 

2. Larvae dh sterile 1 per cent yeast agar grow to a length of 
4 mm. in twenty days and die without pupating. If the culture 
is inoculated with a mkiute quantity of yeast cells the larval 
period is only seven days and is followed by pupation. In both/ 
cases the yeast cells remove, by adsorption from the medium^ 
the amino-acid molecules in their immediate neighborhood. As 
this goes on a steady diffusion of amino-acid molectiles occurs 
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towards the place of lowest concentration, and thu^ the yeast 
finally adsorbs and builds up into its own protein all the amino- 
acids of the substratum. The yeast grows at the surface or 
just below it where it is carried by the larvae and therefore brings 
within reach of the larvae nitrogen that had been distributed 
throughout the medium, many parts of which could not be 
reached. In the experiment with banana agar the yeast not 
only concentrated the amino-acids of the substratum, but prob- 
ably synthesized them into more complex molecules; in the 
second example, the living yeast me^ply ^concentrated all amino- 
acids at the surface of the medium without increasing their com- 
plexity. ' In a synthetic medium of sugars and salts, yeasts would 
concentote and synthesize into protein, the aihmonia of the 
substi^tum. 

It has already been shown that concentrated banana permits 
larvae to pupate, but the rate of growth is not normal. There- 
^ fore it is apparent that while the banana is not. entirely lacking in 
the substances necessary for complete growth, it is not as ade- 
quate to these demands as yeast or yeast nucleoprotein. There- 
fore we may conclude that the function of yeast in the ecology of 
Drosophila larvae is to concentrate at the surface and synthesize 
the ammonia^* and aminoacids of the substratum into nucleopro- 
tein, which fills the protein requirements of the lafvae. 

e. Literature on the food of Drosophila, Valuable contribu- 
tions to our knowledge of the food relations of microorganisms to 
insects have been made by Delcourt anc^ Guy^not. These au- 
thors reported, in 1910 experiments with Drosophila in which they 
showed that the larvae could be reared on a potato medium free 
from all microorganisms except yeast or a complex of yeast , and 
acetie-acid bacilli. Microecopical examination showed the yeast 
cdjs in the digestive tract in all stages of digestion. This paper 
was followed by a second in 1913 (a) in which the authors deter- 
mined whether the insect fed on the products of the yeasVs 
chbrpical activities or upon the yeast cell itself. In order to ob- 
this information, it was necessary to operate with larvae 

Yeast can also synthesize protein from a urate source of nitrogen. 
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that were sterile or with which only a single species of mierodt- 
ganism was associated. This was accomplished by means of an 
ingenious method for the aseptic transfer of adults from one flask 
to another and by the use of various media adverse to different 
•species of molds and bacteria. This method of sterilising the 
larvae is much less direct and requires more time than my 
method of sterilizing pupae with alcohol. The flies were finally 
found to be sterile except for the presence of yeast, cells and these 
were eliminated by a rapid transfer of females from bottle to 
bottle, thus permitting, aseptic oviposition in a few cases. The 
sterile larvae which emerged were then fed on a medium of potato 
and dead baker’s yeast or dead baker’s yeast, water, and cotton. 
The authors at this time made no definite statement about the 
function of the microorganisms, but left that for later papers. 
In 1913 (a) Guy6not reported that he had been able to raise 
fourteen generations of Drosophila in the absence of living organ- 
isms. The larvae were reared equally well on potato and living , 
yeast, potato and dead yeast, and on dead yeast alone, but did 
not grow normally on sterile potato. Guy4not (T3b) theJre- 
fore concluded that in nature the larvae nourish themselves 
principally on living yeast and other microorganisms. 

The work of Delcourt and Guy^not was unknown to me until 
after I arrived at similar conclusions^^ by different methods. Hiei 
experiments with Drosophila as reported above are therefore m 
part an independent corroboration of the work of these authors. 

Loeb (T5) reared Drosophila on a medium of salts and sugars 
with ammonium tartrate as the only source of nitrogen and there- 
fore concluded that this insect has as great synthetic power as 
bacteria. Later (’16) he pointed out that yeasts may have been 
intermediate in the synthesis of protein, and in a third paper 
(Loeb and Northrop, T6 b) showed that yeasts serve as food- for. 
Drosophila and are required for the growth of the larvae.^* 
These authors were unable to isolate the substance in the yeast 

■*: 

My experiments extended over the entire period between May 1, 1916, and 
June 1, 1917, and were partially published in three papers (see Bibliography). 

.1* Eggs were sterilized by washing in 0.1 per cent HgCU for six to seven 
minutes. 



A mJTRITIONAL STUDY OF INSECTS 


39 


on wliich larval growth depended, but found that the microor- 
.ganism when extracted with hot alcohol could no longer serve as 
food for the insect. The addition of those special substances nec- . 
essary to higher animals did not take the place of the substance 
extracted from yeast. The insects could not be reared on the 
normal salts, sugars, and amino-acids or proteins sufficient for 
higher animals, viz., cane-sugar, MgS 04 , NaCl, and CaCh, with 
casein, edestin, egg albumin, or a mixture of leucine, alanine, gly- 
cine, asparagine, tyrosine, tryptophane, and histidine, or with 
milk: Twelve successive generations of the flies were raised 
aseptically on yeast, water, and citric acid. It should also be 
mentioned that Loeb and Northrop raised aseptic flies on aseptic 
unfennented banana, but were unable to secure a second genera- 
tion from them even after feeding the adults on yeast, as both 
sexes were sexually sterile. 

My experiments show that Drosophila can be reared normally 
on yeast nucleoprotein, sugars, and salts, therefore any 'special 
substance’ required by the larvae must be present in this mixture. 

As previously mentioned, I have been able to rear sterile larvae 
on sterile hot aqueous extract of banana agar and objain adults 
which appeared to be sexually sterile, as they did not oviposit on 
«the banana during six days (the usual preoviposition period being 
twenty-four to forty-eight hours), but when half of the number 
were transferred to an aseptic 4' per cent yeast-agar medium, the 
females oviposited in one to three days. The larvae that emerged 
reached a length of 5 mm. in three day^; the females remaining 
on the banana did not oviposit. Guy4not (T3, b) has explained 
this as a nutritional phenomenon. He observed th$it normal 
females from yeast-fed larvae placed upon a poor food, such as 
carrot, after a few days deposit eggs which though fertilized no 
longer develop to maturity, but die as partially developed em- 
bryos. If the same female recopulates after a period, it at first 
deposits normal fertile eggs, then abnormal fertilized eggs, and 
fin^y unfertilized eggs. The follo^ving experiments of Guy6- 
not’s (’13 d) will serve further to illustrate this point. He reared 
adults from aseptic larvae fed on sterile potato, but found that 
most of them were almost sexually sterile. Oviposition did not 
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Ij^egin till the fmales were seven, to twelve days old (nonhsal 
nod thirty-six hours) aud the number of eggs was llTinsbea^ St 
the normal |76 (24 per day). Only five larvae emerged, 49 em- 
bryos died owing to deficiency of the sperm, and 63 eggs rw^ 
unfertilized. Anatomical examination by the author f 13 e)’ 
showed that only 20 to 40 eggs are^normally formed in the body 
of the female at the time of emergence from the pupa. These 
are deposited in forty-eight hours, and after that all the stored 
material in the eggs, normally 24*per day, must be derived fr(^ 
the body and food of the insect. The effect of the food df the 
adult upon fecundity is very marked, thus 'non-fertile* sister , 
adults from potato-fed larvae were placed, 1) on potato, tvhere 
they laid one egg per day for 7 to 13 days and, 2) on potato atod 
yeast, where they laid 10 to 15 eggs per day after 5 days ^d then 
24 eggs per day. The converse experiment was to place sister 
adults raised from larvae fed on potato and yeast on 1) potato, 
and yeast, where after 24 hours, 20 to 27 e^ per days were, de- 
posited for 10 to 17 days and, 2) on potato, where after 24 hours 
20 to 27 eggs were deposited for 3 days and after that but 1 egg 
per day. ^These experiments all account for the death in the 
embryonic stage of eggs df a normal female, but the following ex- 
periment shows clearly that it is due to resorption by theiemala 
of the sperm cells in the bursa copulatrix (Guy^not, T3b).. 1) 
Adults’ from larvae reared on potato when placed on yeast laid 
from the 4th to 15th day 300 normal eggs, on potato after 7 to 13 
days, 2 to 3 fertile eggs, later 20 eggs which died without hatching 
although fertilized, and finally 30 unfertilized eggs. 2) Adults 
from larvae raised on yeast, when placed on yeast dej)osited 24 
eggs per day after 36 hours, and on. potato, behaved the same as 
adult bred on potato, but the effect was slightly postponed. 

The foregoing considerations show that the fertility of adults 
is a question of gross nutritional requirement and that it is diffi- 
cult to interpret the yeast requirement in these cases, as a heed of * 
sp^ial substances. This is especially true since the acceasoir 
factors or vitamines which have been studied by Funk (Tl), 0^ 
borne and Mendel (13), Hopkins (12), and others are necessary 
01 ^ in extremely minute quantities and are- not used ujp in a 
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diort period, as would have to be assumed in the case of the femal| 
Drosophila. 

Guy^not ('17) has summed up all this work in a thesis and has 
added some experiments ‘concerning the exact constituents nec- 
essary for a synthetic diet for Drosophila, In this he is success; 
ful to the extent that with one exception the components of an 
adequate diet are discovered. These are peptone, lecithin, inor- 
ganic salts, water, and an extract of yeast, the composition of 
which is unknown but appears to be a part of the yeast protein 
molecule. This extracted substance is most completely removed 
from yeast by boiling in 60 to 70 per cent alcohol and can be rec- 
ognize by its solubility in boiling absolute alcohol, cold 70 per 
cent alcohol, and boiling' and cold water. Attempts to substi- 
tute amino-acids, cleavage products of nucleoprotein, nuclein, 
carbohydrates, salts, organic acids, and fats for this special sub- 
stance were all failures. Experiments with peptone gave best 
results when 4 per cent was used, but no larvae pupated unless 
lecithin was added, which permitted the storage of fats and 
pupation, but not the emergence of adults. The addition of 
bouillon to peptone also permitted a few abnormal pupae to be 
formed, but no adults emerged. Completely filtered autolyzed 
yeast, together with lecithin and peptone, made a complete and 
normarfood for the insect. Liver autolyzed or extracted could 
be substituted tor the yeast extract with equal success. The 
author also studied the formation of reserve fats and found that 
this process depended mainly on lecithin, but could go on to a 
^ght extent at the expense of the protein derivatives in the 
yeast extract. 

These results of Guy^not do not necessarily conflict with my 
own, as the special substance extracted by boiling alcohol is 
probably included in the nucleoprotein used in my experiment,^® 
as Guy^not has pointed out. No fats were present in the yeast 
^nucleoprotein used in my work, as I had extracted these with 
etbej. As Guy4not found that lecithin is required, there would 
appear to be conflicting results in this regard, however, he also 

dlrymg, the nucleoprotein was washed with cold alcohol, but the special 
of Guy^not is not extracted unless the alcohol is boiling. 
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|ound that certain crystalline solids left on the filter after filtering 
autolyzed yeast could be substituted for lecithin. These cry^ 
taliine substances are probably also constituents of yeast nucleo- 
protein. 

, Loeb and Northrop (17) have recently used glucose beef agar 
for maintenance of larvae and adults so that the temperature 
coefficient of the duration of hfe could be determined, and 
Northrop (17 a) has shown that the total duration of thf life 
of Drosophila can be increased by retarding the growth of the 
larvae, as the pupal and imaginal periods do not seeih to change 
with the increased larval hfe. These results are entirely com- 
parable to those given on page 30. Northrop (17 b) describes 
experiments which have led him to the conclusion that yeast sup- 
phes a special substance necessary for the growth of Drosophila 
larvae. This author finds that banana, casein, and sugar sup* 
plement yeast as a food for larvae and permit the development of 
a larger number of adults than could take place on yeast alone. 
The optimum mixture contained 33 per cent yeast, and as the 
amount of yeast decreased the number of adults reared became 
less and growth of larvae slower until at a proportion of yeast of 
1 : 128 the growth of larvae became abnormal. Kidney, hver, 
and pancreas of dog were adequate foods for larvae, but spleen, 
heart muscle, muscle, blood, adrenal, and thyroid were not a 
complete diet for the insect. The author concludes that the 
special substance required for growth cf^ot be obtained from 
protein or carbohydrates. From' my experiments I have evidence 
(p. 14) that banana and sugar have food value for Drosophila 
larvae, and to this extent my results are in accord with North- 
rop’s, however, since the insects can develop normally on yeast 
nucleoprotein, sugars, and salts it seems probable that the special 
substances required for the growth of Drosophila are included in 
nucleoprotein. 

V In summing up the results of my experiment I conclude: 1., 
Drosophila normally feeds on ferm^ting fruit, obtaining-n large 
part of its nourishment from the paicroorganisms, especially 
yeasts, which are in a loose symbiosis with the insect. 

2. Dead or living yeast is a complete food for Drosophila. 



A N'T'TlUTIOVAr. STl 1>V OF I\SK(T^; 


3. Th(‘ IniA'MF aro deixauiont on tho nu(*le()pn)(('hi of y«‘asf 
for special sulislancc's lUMa^ssai v in tluMr ^ro\vlh. 

4. 4'hc fuiK'tion of y('ast in ihe (x'olo^y of tlu‘ ins(x*l is to oon- 
centi’at(' at tin' surface^ of tin' nuMltnin and to synthesize into 
luicleoprotc'in, tin* nrales, aniiinnha, or ainino-arids of tin* sub-, 
strut iitn. 


J. H.rfK'riffi(‘fiis irilli n siirvopliaijons insert 

A pair of adult A(‘alyptrate nuiscid ili('s of tlu' sp<'(“i(‘s Desnio- 
nn'topa in-nit^i'uni Z('tt. {d(*t('nnina1ion by Mi'. i\ W. .fohnson) 
W('r(' r('c<MV('d throujili tlu' court ('sy of Dr. M'. .M. Mann, 'rin'v 
had enH'rj>;('d from soiiu' poorly drii'd snail sIh'IIs, colh'cted in tin' 
f'iji Islands, on tlu' d(“('ayin^ fk'sh of which tin' laiA'at' had IVd. 
4'ho adults W('r(' plact'd on banana and y<'ast a|»:ar. wlici'c tin' 
haiiah' (h'positi'd about forty (‘^»‘s. most of which dic'd owin^ to 
a tliick mat of a black imicor that o\('r tin' surface' of tin' 
iin'diiun. 4’ln' six hirvac' that ['incrji.e'd fed readily on the I'ic'h 
yeast food, and in about twenty-two days rcandied a, size of 12 to 
15 mill, in length. Tin' blai'k fim^oiis mat was not (h'slroyed 
and did not sca'in (o injure' tin' laiaai'. Tin' six pupae foi'med 
W('r(' uoi'inah and six adults (‘iiM'i‘;i;('d afti'i* three' to lice' days and 
o\'ij>osi1('d on tin* nn'elium. 

4'h(' usual mauin'r of iute'ipre'tint’’ the' normal lee'din^ habits of 
this specie's would be' to stati'that tin' larwu' h'el on d('e‘ayinj»' ani- 
mal tissue', rhis, howe'\'er, is o[)('u to doubt in \ ie-w of the* above' 
('Xpe'rinn'uts. anel we* must neiw e'onsieh'r the' iireTeability that all 
decaying!; or fe'rmeni in^ substrata are' nu're'ly the' mi'elia em whie-h 
the' fungus and bacte'rial fooel of ihe* inse'e-t is |;rowinj;’. 

Hxperifnenfs irith a ev^yu'o/d/ue/oas insert 

An invest ijj^at ie in of the' fooel eif tin' heiuse'fly (Musca donn'st ie-a) 
also gives su])])ort tei this tln'eiry. 4di(' inse'e'ts we're'; eibtaine'el in 
winter by ])lacing bran mash in the gre'eailmuse'. The' mash was 
jin'parc'd by boiling “Melucateir'' bran with an e'e|ual volume' of 
wate'r with ce instant stirring for twenty niinute's. It was plae*e‘el 
in a large imrcedain dish in tin' hothouse', whe're' it soon be'e'ann' 
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covered with Rhizopus nigricans and Penicillium glaucnm molds. 
These growths were turned under each day and the bran thor- 
oughly wetted till the mash had a sour smell and no longer be- 
came covered with the molds. Thus far no flies had deposited 
.eggs on the mash, although large numbers of Lucilia caesar and 
Musca domestica fed on the moist surface. Several lumps of 
ammonium carbonate were then added, giving the medium an 
odor indistinguishable from manure. Xo eggs were observed, 
but larvae were soon found feediiig just under the slightly in- 
cnisted surface. They gradually worked down in the medium 
as they became larger and the upper portions of the mash were 
dried out or the nutritional substances “burned” out by the fungus 
due to over-aeration. Wlien this same medium was used a 
second time, larvae were seen to penetrate into hard lumps of the 
bran which .still retained a visible white powdery appearance of 
fungous mycelia. 

Two-day-old (5-mni.) larvae were transferred to bouillon yea.st, 
banana and yeast, bran and Pasteur’s agar media. The lar^^al 
life was as follows: 


j^ouillon agar 

Pasteur ’s agar 

liran agar 

Wast agar 

Ha.naiui and yea.st agai‘ 

Bran masli 


5 inm. to pupation 13.5 days 
5 mill, to death 2.0 rlays 

0 inm. to imago 8,0 days 

5 mm. to pupation 4.0 days 
0 mm. to pupation 4.0 days 


5 mm. to pupation 13-21.0 days 


The larvae showed signs of great disturbance when placed in the 
Pasteur’s medium where the sugars seemed to act as a poison to 
them. On bouillon agar the larvae were not very successful in 
completing growth and usually fonned abnormal pupae; on the 
other agar metlia growth was more rapid than in the bran mash. 
This was due to the luxuriant growth of yeast, molds, and bac- 
teria which the bran, banana and yeast agar supported and which 
served as food for the larvae. Sections through the larvae from 
the bran mash showed a complete absence of all material except 
bacteria, fungous spores, and yeast cells in the digestive tract. 
The microphotographs in figures 15 and 16 show the process of 
digestion of the microorganisms and leave no doubt that they 
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scrv'c as for tlic insct't. Furthermore, the larvae are never 
found in any materials that are not infected with inicroorganiRms 
an<l are in a process of decomposition or fermentation, and it is 
doidhful that the larvae find in these substrata nutritional sub- 
stances which will be of great value to them, for the food mate- 
rials ar{> rapidly chang(Ml to decomposition products which arc 
(hther absorbed by microorganisms or are too simple in composi- 
tion to bo available for the insect.'^ The real function of the 
microiirganism is to synthesize protein from ammonia, urates, 
etc. Female flies seldom deposit eggs in substances which do not 
ha\^(^ the odor of ammonia, which as products of the action of 
yeasts, molds, and bacteria indicate the presence of the fungous 
foods of the larvne. 

.Vn attempt was made to sterilize i\Iusca domestica pupae by 
washing in 85 per cent alcohol or in 85 per cent alcohol saturated 
with hlgCli! for periods of from fi\'e to forty minutes, but in each 
of the 200 juipae used in the experiment, Aspergillus or Penicil- 
lium mold developed around Die pupa. It would seem that the 
molds arc carried within the pupae, although this is not definitely 
proved. In this connection the following quotation from Bogda- 
iiow' ('08 b, p. 199) is of interest: 

Ui'iiii Calliphoralarvcn lui Ainv('.s(silu'it von Baklci'ic'ii iiur von 
Albuinos('nlosung eriiahrfc wcM'ikni kornicn, so koruKai die Larven von 
Musca domestica umgckdut mil 8larkc‘klcist('i odcr mit (Iclatiiu' olm(‘ 
Zusatz aiidcrcr Stoff(' geftittort wcrd(m, ahei', suvicl ich Ix'obachtci hahe, 
niir (laim, wcim 8chimmoi])i!zc and Baktc'iuni da sind. 

Prowazek (’04) lias found that Apiculatus fungi are usually 
])res('iit in tlie intestine of Alusca and Sarcophaga larvae. A 
number of experiments have been performed to determine whether 
or not the pathogenic bacteria, with i\iiich housefly larvae be- 
come contaminated in their natural habitat, survive in the fly 
during the pupal period. Most of the results ((Iraham-Smith, 
T8) show' that only such spore-forming bacteria as anthrax pass 
through the pupa alive. Tebbutt (T3) in this connection raised 
houseflies on agar, a little human blood, and living bacillus dysen- 
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teriae (type and B. typhosus. The fly eggs were sterilised 
by washing in 3 per cent lysol for two to three minutes. The 
pupal contents were plated and found usually to be staile. Teb- 
butt does not mention the fact that the larvae probably obtained 
their nourishment from the bacteria. 

a 

From these experiments it appears very probable that the 
larvae of Musca domestica feed on microorganismB and are as- 
sociated with them in the same manner as Drosophila and yeasts. 

4* Experiments mih a mycetophagous insect, Sciara, and a mite, 
Tyroglyphus, living in decaying wood 

a. Experiments with Sciara, Through the courtesy of Mr. 
A. M. Wilcox who turned the material over to me, I was enabled 
to work on another fungus-eating insect found in twigs of the 
mountain ash apparently affected by ‘black knot’ or some dry 
black-rot disease. Under the bark and in the cambium of the 
wood slender white worm-Uke larvae, 12 to 15 mm. long, with a 
shining black head could be seen working in a glossy gelatinous 
sheath which they appeared to spin or secrete. As determined by 
Mr..C. W. Johnson, the larvae proved to belong to a species of 
Sciara, a genus of fungus gnats which feed in decaying vegetable 
matter and are pests on cultivated mushrooms. 

The larvae were transfeired to a medium of bran agar which 
they infected with a mucor, a Gleocladium, and a Fusarium. The 
larvae moved on the surface of the agar through the field of verti- 
cal sporophores with their black globular sporangia overhead. 
Occasionally one would raise its head and sieze a sporangium 
between its mandibles. The disintegrating sporangia could also 
be seen in the digestive tracts of the semitransparent larvae. ^ The 
mandibles are peculiarly fitted for such feeding, as they are quad- 
rate in form and having three large and several small interlocking 
teeth. The flat surface which the mandibles form would niake 
it impossible to seize any structure not raised above the surface 
of the substratum. The larvae are also very fond of the mucilag- 
inous secretions or exudations which appear as brilliant globules 
on the sporophores or sporangium walls and as a sheath around 
the Imrvae. 
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As mmtiwied above, the tevae appear to move ip a gelatinous 
shaa^ over the wood. This habit has been observed in a numb^ 
of fungus-eating Diptera and has been describeAby many authors 
as a secretion of the lairvae. The following extract from Malioch 
^17) will illustrate the present interpretalion of the habit: 

N.early all of the larvae (Mycetophilidae) spin Webs m the galleries 
they make in theh' food; in the case of species that Uve extemaJiy upon 
fungi the web is slimy, rather loose and irregular. I have paid particu- 
lar attention to some species I have reared, and ^d that the larvae of 
this group do not pass over the threads but through them as in a tube, 
the body enclosed except anteriorly. The thread are slimy in nature 
apd the presence of the larvae may be detected by the gh’ttering sur- 
face of the fungus which appears & if a slug had crawl^ over it ,|p. 
250 ). 

My larvae, feeding on mold in bran media, could be observed 
very closely under the binocular microscope. It was seen that in 
passing through the Afield' of fungus the larvae usually took a cer- 
tain course, thus forniing a ‘runway' similar to that made by a 
rabbit in high grass. The sporangia of mucors are conxerted into 
9 , mucilaghious mass when the spores are discharged and the 
spoTophores also secrete a sticky fluid, both of which stick to the 
surface of the larvae as they pass through the fimgous growth. 
Thus a shining gelatinous sheath is formed through which the 
larvae pass. When moving over its course the larva Tows' 
along in a large drop of liquid which completely surrounds 
the insect and assumes the same form.' The 'surrounding 
drop, if stained with eosirie and examined under the 1.6 mm. 
objectiye, proves to be a mass of spores of . v^ous kinds ail 
arranged as though embedded in a clear unstained substance. ’ A 
larva will often reach out and eat a portion of the surrounding 
drop of another larva that is passing. The sheath when stained 
^hows a mass of mycelia growing from the spores embedded in the 
gelatinous matrix of fungous mucilage. 

Brues ('02) has described the ‘web' of Neoglaphyroptera opima 
LoeW. and beUeves that it. is spun by the larva which is found 
under the bark of fallen trees. As the insect is quickly by 
evaporation, he believes the web to be a protection agshjgt this 
danger. The laiwa was described as at times moving its head 
towards the web as though eating it. 
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From the foregoing observations on Sciarid larvae, it is apparent 
that they do not spin the web or secrete the gelatinous tube which 
surrounds them, but merely become covered with the exudations 
, and spores of the fungi^on which they live, and these spores, exu- 
dations, and hyphae serve as food for the insect. Upon pupation 
the enveloping drop of mucilaginous material surrounds the last 
larval skin and the pupa forming a cocoon of spores from which 
mycelia grow out. If the larvae are placed on a smooth paper * 
mder the binocular they are unable to move their long footless 
body. The mandibles with their flat surface carmot grasp the 
small particles of fiber which do^not stand out above the surfaop. 

If a drop of water is placed upon the larva it immediately moves 
about actively by means of a ripple of circular contraction which 
starts at the posterior end and rolls a collar of integument over 
the anterior end. The anterior end is then protracted and the 
process repeated. It is apparent that in such a method of loco- 
motion' an enveloping fluid of high surface tension would be of 
great assistance. The function of the ‘accidentally’ accumulated 
mucilaginous envelope is twofold, first, to serve as a protection 
agapst evaporation and, second, to assist in locomotion. 

The larval period is about twelve days and the pupal period 
four days. Adults are very active and run about rapidly, the 
male when in pursuit of the female flaj^ihg its wings vigorously. 
Adults may be seen to eject a hard white gelatinous body com- 
posed of fungus hyphae, etc. The adults and pupae seem much 
more immune to fungus attack than Drosophila. In the pupal 
^age this protection may be due to the complete envelope of 
gelatinous substance. , The female deposits several separate piles 
light yellow spherical eggs on the medium. These likewise 
seem to be immune to fungus injury as the mold often completely 
envelops ■ them without causing death. The development and 
movement of the embryo can be observed through the egg which 
hatches ill thre^ to four days. 

An attempt was made to sterilize the eggs and pupae, but death 
always rented, probably owing to the soft exterior of these stages. 

insects grew equally well on bran agar, yeast agar, and banana 
agar, feeding upon the luxuriant fungous growth always present. 
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The consideration of main interest in the present paper is the 
peculiar relation of substratum, microorganism, and insect which 
again finds an example in the food of this aninud. It is is well 
linown that molds contiun enzymes cap^e of dissolving cellu- 
lose and hemicellulose, i.e., celluloses and cytases, which liable 
them to extend hyphae throu^out the woody tissue of trees, 
etc., thus extracting all the nutritional substances. The nitri^- 
enous natter is largely stored in the form of protein in the spores 
of the fungus, whereas the excess of carbohydrates may be 
excreted in the sticky drops of the sporophores. The insect feed- 
mg on the fimgus, the wall of ^ch it can dissolve, derives the 
benefit of the enzyme activities of theinold. If a section is made 
through larvae whidi have been feeding in the wood, it is seen 
that the great quantities of wood that pass through the digestive 
tract remain imchanged in structure. On closer examination 
fungous growths of an exobasidiomycete can be seen in the tissue 
cells (fig. 17). These fungi are dissolved out by the insect diges- 
tive enzymes and serve as food. The wood eaten by Sciarid 
larvae is therefore merely the substratum in which the fungous 
food material is embedded. Tlus type of relationship is quite 
common amcmg Vood-eating' insects and is quite comparable 
to the symbiosis of Drosophila and yeast. 

h. Experiments with armycetophagom mUe Imng in decaying 
wood, A mite of the genus Tyroglyphus (determination by Mr. 
N. Banks) was also found on^ decayed mountain-ash twigs and 
bred upon bran agar like the Dipterous larvae descr3>ed above. 
Five mites added to the tube climbed about on the thick growth 
of fungus, apparently eating the spores in the muclaginous 
sporan^. As the mit^ rapidly multiplied the growth of the 
molds was checked and they were cleaned off the surface till only 
a few blisters or pustules of Fusaria renamed. The mites could 
be seen to feed in huge numbers at the edge of these pustules 
which served as food for two months allowing the mites to in- 
crease enormously in size and number. Many of this same genus 
of mites are known to feed on cheese, ham (on whidi powd^ 
molds grow), and dry molds of various kinds, and manure, de- 
caying fungi, and v^table refuse are always inh^ited by mites 
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Fif^. 17 ( T<)ss-s<‘(;l ion tliroii^li (lui (lij;(“stiv(' fnict of :i Scijira !;irv;i sluiu'inf^ 

Uic f'lngufi inyccliuni on iiiKCHtfcl woody (isHiio fp. .■■)()), 

Fig. IH Ag;ir I.>roso])hiln cull urns ffrom left to riglit). l«t tuho inoculiitctl 
from second tube. 2n(l tiiljc, birgf' larvric and pn])ao on iion-sterile banuiui. d<l 
tube, suiall larvae of sat)i(‘ as 2 on sterile banana. 4th 1ub(;, inoculated fr<Hn 

3, showing its sterility, oth tulx*. large, laiw'ae ai\d fiupae on 0 i)(‘r cent dea<i 
yeast of same age as 2 and 3 ([). 11). 
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of various species. It is quite probable that mites inhabiting de- 
caying and fermenting material, feed largely on the microorgan- 
isms present. 

c. Association of wood^eating insects with fungi. The reason for 
.the association of Sciara and Tyroglyphus with fungi is probably 
because of the indigestibility of the cellulose walls of the wood and 
the small amount of protein contained in them. The composi- 
tion of wood varies with the season and with age, species, loca- 
tion, and tissue, so that it is difficult to make any general state- 
ment. Haberlandt (T5) has recently studied the digestibility of 
wood and concludes that unless the cellulose is destroyed or 
changed, wood has little food value for mammals, as the nutrient 
substances are inaccessible. Birch-wood was found to have the 
highest nutritive value, giving the following analysis: water, 4.56; 
nitrogen, 0.108 (protein, 0.675); ether extract, 0.45; nitrogen-free 
extract, 61.56; crude fiber, 32.2, and ash, 0.46. In general it may 
be said that, except in the living phloem and cambium, the protein 
content of wood is extremely low. Carbohydrates are usually 
abundant and wood is therefore used in the manufacture of sugar, 
son^e processes yielding as high as 25 per cent. These com- 
pounds are probably quite inaccessible to insects because of their 
chemical and physical nature, but are readily dissolved and con- 
verted by fungi due to their notable enzyme activities. 

The low nutritive value of wood causes the insect to cither 
lengthen its life-cycle so as to be able to extract a greater amount 
of wood or it leads to association with microorganisms either as 
food or as symbionts. In the first class belong the large majority 
of heartwood -boring Lepidoptera, Coleoptera, and Hymenop- 
tera, for example, the moth larvae Zeuzera pyrina and Sesia api- 
formis with a two-year life-cycle; the larvae of the beetle Saperda 
j^opulnea with a two-year, Elaterid larvae with a three-year, 
Melolontha \ailgaris with a four-year life-cycle, and Sirex (Hy- 
menoptera) with a larval period of one year. The next step 
which may lead to the habits of the ambrosia beetles and termites 
might be the reingestion of material already passed through the 
digestive tract as described by Escherich (’95) for the beetles of 
the family Ipidae (Bostrychidae) which he believes to be adopted 
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for the purpose of extnietiiig all the nutriiueiit ])ossil)l(' from the 
food already eoinmiuuted. This would lead us to llu‘ ease of the 
C'ecidomyiid, Asplumdylia prunorum, whioli was studied liy 
Xeger ('08 a, b; TO). The adult dejaisits witli the egg on tlie 
piTiiie tree a mass of fungous spores and myeeiia n iiieh ser\ (‘ as 
food for the larva and finally grow on the tissue of the gall formed.* 
The fungus itself is not eonoerned in the gall formation, i)ut 
merely serves as food for the gall inhabitant, hjinn tin* emergeuct* 
of the adult insect the fungus breaks through the gall and can Ix' 
.seen as a white growth from tlie outside, 'riie fungus, a Macro- 
phoma s])eeios, is very similar to the fungus fed ujxui by th(‘ woixl- 
boring iieetles (Xyleborus, Xyloterus, etc.) and has m‘ver been 
found elsewhere; the galls have therefore ))een called ‘ambrosia- 
gallen.' 

At the pinnacle of this develojiment may be ])laced the ambro- 
sia beetles and termites. Schmiedberger C'M\) first gave the 
name himbrosia’ to a protein-containing white substaiua^ which 
he found to be the food of the insect rather than tlie chi])s of 
wood cut by them. This was made certain l)y the obsiTvations 
of Hartig ('44) and it was also decided tliat tin* white sul)stanc<' 
was a fungus which grew on the wood cuttings. 'I'he subj(‘ct 
was further studied liy Hubbard (4)7) in .America iind \(‘ger (’07) 
ill (lermany. Though these two investigators do not agnx' in 
all their observations, they have made certain tluit dithT(‘nt sp(^- 
cies of fungi are associated with ditf(T(‘nt sp(‘ci('s of bcadh's and 
that these associations are constant for th(‘ same sjxHaes in s])it(^ 
of changes of host plants or parts of jilants eaten (Xyhhorus 
saxisenii). The fungus is independent of the food ))lant, but de- 
pendent on the products of the insect. Hubbard maintains tJiai 
the female consciously carries the spores of the fungus to tln^ lu^w 
gallery and sow’s them. Neger, however, believes that tlu^ sjiores 
become attached to the highly sculptured wing cases of the hanah* 
as it leaves the larval gallery, the walls of which ar(^ coatinl witli 
the fungus. The fungus that grows on the walls of the gal](Ti(‘s 
is different for different beetles, but in general is comiiosed of 
either a chain of round cells which arc assembled in an irregular 
heap or of upright threads with a round cor])uscular cell on the 
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tip. The Jatter condition is termed oonidial by finbbard. 
Escherich observed that these conidia served as food for the 
beetles and their larvae. As a certain degree of moisture is re- 
quired by the fungus, the insects never select dried-out trees for 
their galleries^ but always bore iii wood which retains soi^ie sap. 
t)ther species of ambrosia beetles ( Worthy lus) are able to li^^e in 
sap wood in the absence of the fungus, perhaps because of the 
abundance of protein in that region. The fungus is usually prop- 
agated in a little bed of chips, prepared by the female, in which 
the egg is deposited. In other species the woody tissue, after 
passing through the digestive tract of the larvae, has a yellow 
mustard color. In this condition it is plastered on the walls of 
the gallery and serves as a medium on which fungus giuws. ■ Un- 
doubtedly, under these conditions the fungus may be considered 
as a chemical collaborator digesting food indigestible to the in- 
sect and furnishing it in a tender luscious form to the larvae. 

Hedgcock (’06) studied fungi from \'arious species of Ambrosia 
beetles and was able to refer them to the wood-bluing (Uerato- 
stomella), wood-blackening and -brou ning ((Irophium, Hormo- 
dendron, and Hormiscium) and to the wood-reddening (IVnicil- 
lium and Fusarium fungi. According to Escherich and Negei-, 
the fungus in the absence of the larvae may assume a slightly dif- 
ferent form. Neger has also found fungi in the galleries of Co- 
rambyx and Tetropium liiridum, but is unable to decide whether 
or not it serves as food. 

The fungus-growing habits of the white ants or termite.s are 
principally known through the work of TTagon (’60), Holte (’09), 
Haviland (’02), Tragardt (’04), Doflein (’05, ’06), Fetch (’06), 
and many others. These wood-eating insects build subterranean 
nests, the ground which they excavate being placed in a pile 
which itself is later used to fonn chambers. Shafts may be left 
in this superstructure with an outer chimney ; these are used as 
permanent scaffolds and have little effect on the ventilation of the 
nest. The fungus gardens are either on the floor or suspended 
from the ceilings of the chambers, and consist of a mass of com- 
minuted woody tissue which has passed through the digestive 
tracts of the workers and is then built into the comb. The fun- 
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whicli gvow^ m this oomb i:is in 1lKM‘:is(M>f iiDihrbsia Ixvtles, 
roally u])oii food cut by the insert, bul larficly indi'.ustil)!!' to IIhmu, 
is (loscvibcd by IVtoh as follows: 


Thr iiiycrliuni on th(' ronih lioars sinalK whilv. slalkial uv aliuosi srs- 
silr ‘sphcn's/ 1 la st' consist ol bi’aiirliin^ hyphar bearing either spher-* 
iiad or oval cells. 'I'he spherical cells (h» not ^erniinate. The oval ta-lls 
}>;erminat(‘ ivadily but it. lias not bt'eii possil>t<‘ to tvpro(hic(‘ the ‘splna'i's’ 
fi-(»m th(‘in. Wluii the conib is old an agaric ;iro\vs froiii it. 'ITis 
agaric appiairs in (wo loiiiis, oiu* o( which has been assi^iK'<l by \’arioiis 
iiijaMilo^isis let belli lints, (‘ollybla, Pluteiis. bholiola, and Idaininula, 
and th(‘ other to Arniillaria. l( d( \elops In a cart ilaicinoiis, alniosl. 
^elatliKHis, unlvi'rsal V('ll and is a iiKHlilied \'ol\ ai ia. ( hher fun^i;i which 
«‘ro\v on cotnbs r<anovi‘d Ironi I he nest iiirlii<le Miicor. 'rhaniidiuin, 

( k'phalospoi’iuin, and Ik^zi/a. As these are not found in the nesi, 
thoui^h some of (hem ari' capable of developtiieiil nn(lei'i;rounil, it is 
probahl(‘ that tin* termites 'wind out' lorei^n iuti^i fi’oiti tlii' (ailliva- 
lion of th(' eoinb. The cintth ntdfrrini is jirol/ahhi slcrifizitl l)fi Us futssnifr 
tiinni(ih the alinuiitdrij niNtil.-' 'That the splieies foim the food of the 
termiti'S is pr(»babl(‘, as in iIk' case of (he leaf-cut I iii^ ants; iu>i(lu*r ease 
ean lie coiisidereil delinitily proviil. Tenues re<hin<nnii and T. f>f>- 
senrivep}^ undouhtedly prefer fuinji , ar trond irhirh htis li<en a(t<iel:eif hp 
Jiffiili .... It -is most ])i'obabl(‘ (hat thi' ‘splua'i's’ in |}u‘ ({‘i- 
nul(‘ eoml) and th(‘ ‘Kohirabilianfeheii' of the Ieaf-(ait I iii^ ants investi- 
<*:at''d hy Mdllc-r are parts of a iionind niyceliiini, and that their shape is 
modified hy th(' ins('cls only in a Very slip;ht (le^r('e, if :d. all .... 
'riu^ availal)l(‘ (‘videnei' appeal's to slinw that, (hi' ‘sj)h(‘i'('.s’ are part of 
the myeeliinn of tin' \’(»lv:uia. hut i! lias not ixani possibb (<i coinieci 
lh(‘se forms experimentally. 

"Idio fuii^us ‘;m-d('iis ;u'(‘ found in all eliambta’s exc(']it 1bo royal 
chanibci’; tlu' (puam lit's in state and is ftal (Dothan) with a 
conccait rated and (xasily assiniilatial food consist in j*; of myetdial 
s])lierules by tln^ workers, 'blu^ larvata at'eordin^lo betch, tlo 
not show th(' ])i‘('s(aK‘(' of any sjiln'riiles in llu' digest i\ (‘ iraid, but 
may Ix^ fed <m sonn^ n'^ur^ilattal oi- pr(‘difi;est('<l food ftirnislx'd 
by th(‘ workers, wliirdi in tnni fetal on (haaiyiii^ wood. It i.s oi 
i!it(‘rest that the queen tta'inilt^ is tlu^ only known adult iustad 
which inereas(\s in sizta T1 h‘ (pitaai is usually the (’(ailer of a 
pool of fatty .secretions on which tin' workers feed with ^reat 
sat isfaefiou. 


My italics. 
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UndoubtMly these complicated habits have come about by 
taking advantage of the enzymatic and possibly synthetic power 
of the microorganisms. The type of association is the same as 
with Drosophila, but is further complicated by the physical prop- 
<^rties of the wood and the habits of the insect. 

Some insects that feed on wood are apparently not associated 
with any microorganisms, for the burrow does not appear to be 
discolored. However, as a general thing, larvae are in symbiosis 
with some microorganism when boring in woody tissue. When 
feeding on lea\^es larvae are often completely or reasonably ster- 
ile, and this is what would be expect al from the foregoing as- 
sumptions, for the tissue of the leaves is very soft and readily 
digested. 

Portier ('()o) has thrown some light on this subject by his 
studies on the caterpillar of Nepticula, a small lepidopterous in- 
sect that feeds in the parench 3 nna tissue of rose leaves. The 
eggs are deposited on the leaf, which he supposes is sterilized by 
the sun’s rays, and the larva bores directly down into the leaf, 
sealing up the entrance; the feces are not thrown out as in the 
case of ddscheria. The exterior of the leaves were sterilized by 
Portier and the whole leaf, with the excavation cut open, was 
covered with bacterial media. The fifteen cases investigated were 
I)e7*fectly sterile-- whereas all cases of species which throw out 
the feces (Lithocolletis and Tischeria) were contaminated with 
bacteria and fungi, especially Aspergillus niger. Later (T1 a) 
Nonagria typhae larvae, that live in the linink of Typha latifolia, 
were investigated, and it was found that they were associated 
with a pseudobacillus present in all tissues of the body, having 
passed through the cliitinous peritrophic membrane during eedy- 
sis. The bacteria were in all stages of decomposition in the 
phagocytic cells of the blood. A second paper (Tib) showed 
that in Nonagina typhae a more complex situation exists than at 
first described, in which two microorganisms are in symbiosis: a 
micrococcus and a fungus Mucidium (Isaria). This fungus must 

2- During the summer of 1917 I examined the digestive traets of some thousand 
Porthelria dispar caterpillars, pupae and adults, and found microorganisms pres- 
ent only in pathological cases, therefore this insect is not associated with fungi. 
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bo held in check by the larvae, since if allowed to s^)onihite, as 
occurs after death, injury would result. Portier believes the se- 
cretion of the labial glands have tins function. To link these 
observations with the case of Xopticula, in which the lar\*ae are 
aseptic throughout life, Portier (’ll c) describes the condition in^ 
(Jracillus svTingella, which at first feeds in an asi^ptic condition 
on the soft interior of the leaf, and then, after feeding on the vx- 
terior of the leaf and becoming associated w ith a digestive flora'^ 
capable of dissolving woody tissues, bores into the twigs, the 
organisms being in part absorbed by ])hagocytosis as food for 
the larvae. 

Internal symbionts have also been found in a beetle, ,\nobium 
paniceum, by Karawaiew^ (’DO) and Kscherich (’0(1). Thesi' 
symbionts always occur in definite cells in the antf'rior »‘nd of 
the midgut. Karawaiew tlnmght he recognized a vaciioh' in 
them and therefore considered them to be Flagellates. lvs(‘h(T- 
ich, however, studied them in hanging drojis of .sugar st)lution 
and determined that they were Saccharoinyceles. As these 
yeasts always occur in the same cells anil jiass through the ]ni])a 
into the adult, it is quite likely that they are transmitt(‘d through 
the egg from one generation to another. I^ischerlch found that, 
the number of yeast eells varied with the amount of nourishment 
taken in the different stages of the insects’ m(‘1a?noi’])hosis, thus 
they wnre very numerous in the larva, rare in th(‘ pupa, anil f(‘w 
in the adult. He therefore coneluded that the fungi an' inti- 
mately concerned with the nutrition of the iiisiM't. .\s thi^Ano- 
hiid feeds mainly on very dry house timbers, thi^ symbiosis with 
a fungus could very well be of value to the insect in tlie extraction 
of food from the wood. 

In general w^e may conclude that insects ovcrcoim’ the ilLsad- 
vantages of the chemical and mechanical composition of wood ])y 
association with microorganisms either as food or as internal 
symbionts. 


Ilenseval, M. (crunpare BiecleriiianiiJ a.scniM's an aiif property l<j an 
essential oil secreted by Cossils Ii^^^iporda larvae. 'I'liis f>il has the [)rop{’rty of 
making the wood more workable (‘:ingreifl)ar’ ). 
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KX'l'KN'T OK .MVC’l’/roPIl \(n A.MOXC L\ SECTS 

As a corollary to the foregoing conclusions we may assume that 
the foods of many insect larwae feeding on dead, decaying, and 
fermenting vegetable and animal matter are the micobrgaiiisms 
<ivhich live upon the substratum in which the insects are embedded. 

The extent of tliis liabit among insects is \'ery great, includ- 
ing a large number of Coleoptera and an especially large 
number of Dipt era. This habit is usually appareiit from the 
habitats selected by the insect, thus Metcalf (M6) lists the 
following haf)itats foi' the scaieeiiger sliort- and long-tailed filth 
larvae of the flowei-Hy (Syrphidae), viz.: In decaying juarts of 
trees and herl)aceous plants, diseased or flowing sap, heaps of turf 
or soft mud containing vegetable matter, and in stagnant or 
putrid water, sewage, manure, or human feces, d'he lain^ae also 
occur as accitlontal body parasites, causing intestinal, na.sal, auric- 
ular, and vaginal myasis. Some species seix e as sca\x‘ngerH in 
the iie.sts of tcTinites, ants, wasps, and bees. It is ap])arent 
that microorganisms abound in all these environniOTits, with tlie 
possible exception of the aiihnal ])od}^ fn the latter case, ho\^•- 
ev(‘r, it is well known that a foul odcu’, indicating some l)acterial 
action, always precedes infestation. In more noi'inal habitats 
the micnx'irganisms so com])letcly outweigh the other nutritive 
materials that it is (piite likely they (the bacteria) serve as food. ’' 

d\)W]iseiu\ (’9'd) lists the following ha))it at s for some of the scav- 
('ng<‘]* Acalyptrate miiscid lar\'ae: <hmg, decaying wood, under 
bark, plants, leaves, roots, tubers, and fungi, in salt or alkaliiie 
water and mud; urine, \inpgai’, sap of wounded trees; cheese and 
animal fats. Again in this (^ase all hal)itats selected by the fly 
norjiially abound injuicrobrganisjns, and it is {|uite safe to assume 
that they (the fungi) ser\e as food for the insect larwae. 

The great extent of Un* use of inicrodrganisms as food among 
insects is shown in a taldc of the feeding habits of lurvul and adult 
Diptera. Tn this table I ha\'e assumed that the food of insects, 
that ahvays inhabit sul)sti’ata of a fermenting or decaying nature, 


Osborne and Mendel ('ll) slu)\vL'd tiiat the baeti'i’inl coiderit of fec(‘s was 20 
lo 40 per cent. 
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is the microorganisms themselves' and to a extent the sub- 
stratum. This assumption can safely be made on the basis of 
the preceding experiments and the general lack of nutritive value 
(for insects) of many of the substrata concerned. This interpre- 
tatipn of the food of scavengers, etc., has never been given before 
to the author’s knowledge except in the case of Dvsophila, as 
mentioned above (Guy4not, Loeb, Schulze, Henneberg), The 
data itt the table are mainly derived from Malloch (T7) and 
Williston (’08). From a glance at the table it is apparent that a 
large majority of the Diptera live upon microorganisms. There- 
fore it might be well to include under the tenn Mycetophages all 
insects \Yhich have hitherto been termed scavengers, coprophages, 
etc. 

Parrott, Fulton, and Gloyer (T4, T‘5, ’16) found that tree 
crickets eat fimgous ‘’mycelia and spores which are unaffected 
by the intestinal juices.”^^ This assumption is based on the fact 
that the spores of fungi are not digested by Oecanthus, as ger- 
mination takes place from pellets of material passed throu^ the 
digestive tract, and they believe 

it is possible that the spores may act as roughage and were eaten for 
that purpose; but it appears more plausible that the spores still rt‘t,ain 
on their surface some of the protoplasm of the ascus or pycnidium which 
makes them palatable (’16, p. 12). 

The assumption 'that fungi are not digested, based as it is on 
the evidence that many living spores pass through the digestive- 
tract, is not entirely justified in my opinion, since the same can he 
said of yeast cells in the Drosophila iarxne* although in ^his case 
the plant undoubtedly serves as food^ 

The leaf-cutting ant is a good example of a mycetophagous 
insect. The fungus-growing habits of these Attiine ants should 
really be depicted at the same time as the habits of termites, as 

The wound made in tree twi^s in which the arc placed is i)lugged With 
excrement and often becomes the seat of the development of cankers. Gloyer 
and^Pulton (’!(>) give a concise account of the literature on the dissemination of 
pfaELt diseases by insects. This is in large part duo to the habit of* insects of 
deeding on all available fungus and bacterial growths and in doing 'so getting the^ 
body covered with spores which readily remain attached to the hairs and spines’ 
on. the surface of the body. 
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they are equally specialized. Bow^ver, the origin of the habit 
appears to be different, as will be seen later, therefore their fun- 
gus gardening is best described at this point. Our knowledge of 
these forms is specially due to the work of Bato (’63), Belt (74), 
Tanner (’92), and others. These ants excavate subtenaiiBaii 
nests composed of a series of chamb^ connected by a verticid 
shaft ususJly ending in a crater. The fungus garden is built of 
the comminuted fragments of leaves, cut from trees nesa: the 
nest, which have not passed through the digestive tract. The 
little pellets thus formed are built up into the sponge-like mass 
suspended from the ceiling or placed on the floors of the chambers. 
Caterpillar droppings are quite commonly built into tl\e comb, 
which serves as a substratum for special kinds of fungi. A sum- 
mary of all the literature'on these ants, the tenmtes and the am- 
brosia beetles, as well as some important contributions to the 
ethology of American species, is given by Wheeler (’07), from 
which I quote the following conclusions of Mdller: 

All the fungus-gardens of the Atta species I have investigated, are 
pervaded with the same kind of mycelium, which produces the ‘kohl- 
rabi clusters' as long as the ants are cultivating the gardens. Under 
the influence of the ants neither free aerial hyphae nor any form of fruit 
are ever developed. The mycelium proliferates through the ^den to 
the complete exclusion of any alien fimgus, and the fungus gsffden of a 
nest represents in its entirety a pure culture of a single fungus. 
fungus has two different forms of conidia which arise in the garden 
when it is removed from the influence of the ants. The hyphae have a 
very pronounced tendency to produce swellings or diverticola, which 
show several more or less peculiar and clearly differentiated variations. 
One of these, which has presumably reached its present fonu throu^ 
the influence of cultivation and selection 6n the part of the ants, is 
represented by the ‘kohlrabi heads.’ Under artificial conditions the 
‘kohlrabi clusters’ and ‘heads' disappear and the fungus becomes a 
mass of bead-like conidia. 

Sampaio (’94), von Ihering (’98), Goeldi (’05), and Huber 
(’05) have shown how the new fun^s colony is started after the 
marriage flight. The queen dealates itself, digs a small subter- 
ranean burrow which it closes and then starts the new colony by 
spitting out a pellet of fungous hyphae which had been carried 
in t^^buccal pocket and depositing eggs upon it. The fungus 
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colony is grown upon the liquid excrement of the female, which 
touches small pieces of the mycelium to the tip of its gaster and 
, then replaces them in the fungus garden. Some of the eggs are 
/sacrificed as manure for the fungi. * 

Pilrdtt and Gloyer Cl 6) are of the opinion that the fungus^* 
growing habit of the Attii may have come about through the col<- 
lection of caterpillar feces in which many spores accidentally 
eaten by the larvae are still alive. They do not give any expla- 
nation of the habit of collecting the feces, however. Wheeler 
(’07) points out that the gardens are usually competed of a sub- 
stratum consisting largely of fecal material in thp case of the am- 
brosia beetles and termites, and that the habit is pronounced in 
the lower genera of leaf-cutting ants and visible in all ca^s fclose- 
ly studied. It therefore seems probable that the food of the 
Attii ''may have been originally grown on fecal substances’* 
Von Ihering (’94) believes that the habit may have phylogenet- 
ically originated with ants using moldy seeds stored as food, I 
should suggest the possibility that the ants may originally have 
fed upon fungous mycelia developing on caterpillar feces from 
spores unkilled in their passage through the digestive tract. 
Such droppings might finally be carried into the hest where the 
fecal substratum and the moisture of the nest would soon allow 
the growth of a.valuable crop of fungous food. Thus the fungus- 
growing ants developed their habits as a direct response to a val- 
uable food supply. On the other hand, the termites developed 
thdr habits as a means of making use of an unmanageable food 
supply. 

The exmnples cited above indicate mat me use . of microor- 
ganisms as food^ is widespread among insects and is a direct re- 
sponse to the high food value of the fungous cells. The feeriing 
habits may be grouped into three classes as follows: 

1. Ingestion of microbganisms with substratum, i.e., Dro- 
sophila, Musca, Sciara, worker termites. 

2. Feeding directly on microorganisms, i.e., mites, tree 
cni|kets, niany adult Diptera, etc, 

page 68 for case of mosquito larvae feeding on fungi. 

r 

f- *B« JOUBNAL W BXPBBIMeKTAL ZO&AHIT, TOL. 28 , HO. 1 
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3. Preparation of medium for microorganisms, i,e., leaf-cut- 
ting ants, termites, ambrosia beetles. 

MICROORGAtnSMS AS LIQUEFIERS OF THE SUBSTRATUM 

The relation of the insect, microorgamsm,- and substratxim is 
not always as clearly defined as in the preceding cases. Fabre 
(^94) studied the food of Lucilia, the green-bottle fly, and came 
to the conclusion that the larvae secrete a digestive fluid which 
allows the liquefied albuminous material to be sucked up by 
the insect! He placed in one tube of hard-boiled ^gs a few fly 
eggs and left tho other tube of albumin equally exposed to the 
air, as a check. The albumin on which the larvae emerged was 
soon a liquescent mass, whereas the check dried up. Guy^not 
(’07) reinvestigated the problem with Phormia regina Meigen and 
also studied the anatomy of the larvae. The mouthparts as he 
describes them are very similar to those of Drosophila larvae, as 
mentioned above; The pharynx is immediately connected with 
the crop of sucking stomach, a mi^ph distended flask-like struc- 
ture which usually lies to one side of the oesophagus. Owing to 
the nature of the pseudomaxillary apparatus, the larvae are un- 
able to eat any solid food. Fabre had supposed they secreted 
on the food some pepsin which liquefied the albumin. To test 
this theory, Guyenot ground up the larvae and made various ex- 
tracts. The extracts had no effect on starch, fat, or albumin ; the , 
same was true of extracts of the salivary or gastric glands. The 
normal liquefaction was then studied, and it was fmmd* that the 
^bumin was broken down to the peptone stage by a bacterium 
Micrococcus flavus liquefafciens (Flugge) which was always pres- 
ent with the larvae. The bacteria alone, without the acid of the 
larvae had the same effect on the albumin, but at a much slower 
rate. However, if they were mixed with the albumin with a 
sterile platinum wire the speed was as great as with the larvae 
present. As these bacteria were found in large quantities in the 
sucking stomach of the larvae, Guy4not reached the following 
conclusions: 
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I. Ia liquefaction des subBtances albuminoides resulte d’uChe veritable 
digestion operee par certains microbes de la putrefaction. 

II. Les larves de mouches, absorbant exclusivement des aliments 
liquides, directment a^imilables, ont un travail digestif reduit au miui’- 
mum et ne produisent pas de ferments solubles en quantite appreciable. 

III. Les larves acceierent la putrefaction des cadavres en favorisant 
la pullulation des microbes, 

IV . Les larves se nourri^nt aux depens des prod aits du chimisme 
microbien; les microbes ne peuvent se developper rapideraent que s'ils 
Bont repartis en tous points pai’ les larves. II oxiste entre ces deux 
agents de la putrefaction une veritable symbiose (p. 369). 

Guy^not does not consider that the food of the larvae may be 
the microorganisms themselves, and this question is still open, 
however, unlike the following example, the microorganisms asso- 
ciated with LuciUa have the function of liquefying the food 
material 

Bogdanow (^06) studied the similar case of Calliphora vom- 
itoria, the flesh fly. The eggs were sterilized by washing for two 
one-and-one-half-minute periods in 5 : 1000 aqueous HgCl 2 solu- 
tion and then rinsed in running sterile water and were then placed 
on sterile media of casein, egg albumin, etc. None of the flies ob- 
tained was sterile, but was usually associated with a micrococci 
which Bogdanow believed was passed through the egg. The lar- 
vae grew rapidly on casein, egg albumin, albuminoides, etc., in 
the presence of micrococci and a gelatin-dissolving bacterium, but 
the flies that emerged were few in number and very small in size, 
being ‘starvation forms.’ The larvae were later given the se- 
lection of fresh or putrid meat, showed a preference for the for- 
mer, the putrid meat usually killing the larvae. Meats putri- 
fying in the presence and absence of larvae could be distin- 
^i^ed by a difference in ’odor as the micrococcus with which 
the insect infects the meat liberates ammonia from proteins. 
The larvae grew normally on meat in the presence of a gelatin- 
liquefying bacterium and the micrococcus. Two factors are 
therefore necessary for the successful metamorphosis of the larvae 
the micrococcus from the egg and a gelatin liquefier from the air. 

In 1908 (b) Bogdanow published a second paper on the same 
subject in which he showed that about 35 per cent of the ^gs of 
the flesh fly are infested with a pure culture of micrococcus. The 
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o^er 65 cent are sterile and can be reared on nutii^t gdiatin 
in the jaesenee of a bacterium capable of its liquefaction; These 
larvae seldom result in normal-sized adults and it was not pi^ 
sible to raise sterile larvae on;a synthetic medium of meat ash, 
^peptone, and meat extract, acid or alkaline. Tho^fOre Bog- 
danow. concluded: • ^ , 

1. Im einfach sterilisierten Fleische wachst. die. Calliphoralarve 
wohnlich'sehr schlecht, 

2. In sterilisierten Resten der Larvennahrung wachstsie nicht besser, 

3. FQr die gute Larvenentwicklung rind meistens gelatineverfiiisri- 
gende Bakterien Oder Trypsin notig (p. 103). 

As nutrient gelatin is a highly inadequate diet for Drosophila, 
it is probable that the Calliphora reared on this medium obtained 
som^ of their food requirements by digesting the ceUs of the gel- 
atin-hquefying bacteria whicfi are unavoidably ingested by the 
larvae. As the flies were all undersized, it appears that this mi- 
croorganism is at least not a complete food for the insect (as 
yeast is in the case of Drosophila). Therefore, Bogdanow’s con- 
clusion, that bacteria play merely the part of liquefiersin the ecol- 
ogy of the larvae, is largely warranted. 

Wolhnan (Tl) repeated Bogdanow's experiments and came to 
the conclusion that sterile Calliphora vojnitora larvae can be re- 
reared on sterile meat which, has been sterilized by Tyndalizing 
rather than autoclaving. Bogdanow had autoclaved the meat 
used in his experiments, thus coagulating the proteins and mak- 
ing them msoluble to the larvae which when small have (according 
to Wolhnan) low proteolytic power. Tiough Wollman found 
that the larvae grew more "feuccessfuUy in the absence of micro- 
organisms, as putrefactive bacteria afwayS'^occitr in the habitat 
of the fly, it is qhite likely that they have som^ food value for the 
insect. Nevertheless, Calliphora, unlike Drosophila or Lucilia, 
grows best' in the absence of all ' microorganisms. 

ODORS ATTRACTIVE TO INSECTS 

The odors which are attractive to dipterous adults are usually 
f|rmentation or decomposition products of the activity of micro- 
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organisms on a substratum. If we assume that the insect larvae 
fe^ upon these microorganisms, the chain of circumstantial evi- 
dence is complete. Our knowledge of the Porous substsmces 
attractive to flies has been advanced greatly by the work of Bar- 
rows CP7)'and Richardson ('16a, b; '17), but these authors have« 
never ^ven the above int^pretation to the response. Barrows 
studied the odors to which the adults Drosophila ampelophila 
(melanogaster) responds and found that the most attractive ^ors 
are those of ethyl and amyl alcohol, acetic acid, lactic acid, and 
acetic ether. A small amount of acetic ether, isobutyl acetate, 
methyl acetate, acetic or butyric acid added to ethyl alcohol 
greatly increased its attractiveness. ^‘Alcohol and acetic acid 
are commonly found in cider vinegar, fermented cider and Cali- 
fornia sherry in per cents that are close to those which call forth 
the largest number of reactions Drosophila." This odor is 
identical to that produced by the wine yeast Saccharomycetes 
ellipsoideus which I have found to cause females to deposit the 
largest number of eggs. 

. In 1916 (a) Richardson reported that he had carried on a series 
of experiments with odorous substances as baits for houseflies. 
The baits tested were placed under wire-gauze traps and were as 
following: Ammonium carbonate, .ammonium sulphide solu- 
tion, ammonium hydroxide, ethyl alcohol solution of skatol and' 
indol, ethyl alcohol, acetic, formic, butyric and valerianic acids, 
hydrogen sulphide solution and carbon dioxide. ‘^Negative re- 
sults were obtained in all but the ammonium hydroxide and am- 
^monium carbonate experiments." The ammonia was tlie attrac- 
tive substance especially to females, Vhich were found in the 
percentage of 89.2 to 7.5 of the males, although the actual per- 
centage of s^xes in the vicinity was 54 to. 45. 9 respectively. 
Valerianic and butyric acid augmented oviposition; the females, 
however, showed some discrimination between nutritious and^ 
non-nutritious material. In 1916 (b) a second paper gave a list 
of insects attracted to the ammonia, all of which spend at least 
part of their Ufe in some form of animal excrement.^^ 

A third paper (U7) shoWisd.that aqueous solutions of carbohydrate are 
less attractive than alcoholic or acetic acid solutions of such substances. 
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As botfi DrosojMa and Musca domestica m pucrodrgan-' 
isms, it is of peculiar interest’ that the odors which stimulate ovi- 
position by the female are identical to those formed by mhatK* 
organisms in the substratum in which the insect normally breeds. 
The responjse of the female fruit fly to the odors of alcohol Mid 
acetic acid would indicate an instinctive response to the conditions 
best adapted to larval life, i.e., active fermentation. In the same 
way the response of the female housefly would indicate that the 
best conditions for housefly larvae require the presence of proteo- 
lytic (hence odors of ammonia, etc.) and fermentative (hence 
odor of alcohol and acetic acid) microorganisms. Richardson^s 
results therefore give circumstantial support to my conclusion 
that the larvae of Musca domestica live qn miclrodrganisms. 

Revsponse to the odor of microorganisms is hi^ly developed in 
the larvae of the yellow-fevir mosquito, Stegomyia faseiata, as 
Bacot (17) has recently shown that the eggs of this insect will re- 
main for several months unhatched with the fully developed larva 
inside if the bacterial content of the surrounding, water is low. 
The addition of foul contaminated fluid causes hatching in ten 
minutes. It is true that a fall of 6 to 10°F. causes some larvae 
to emerge, but the percentage is very low^ Eggs were sterilized 
and transferred to sterile fluid, but if living yeast or bacteria were 
added they hatched immediately. Sterile autolized extract of 
brewer^s . yeast had the same effect, but killed bacterial cultures 
or watery extracts of yeast were ineffective. Bacillus coli was 
always effective when alive. The acidity and alkalinity of the 
different solutions were controlled. The author attributed the 
phenomena to the sense of smell of the larva and gave an exhibi- 
tion of larvae feeding on stained bacteria (p. 178). 

A rapid succession of different fungi occurs on m^ure (Gloyer 
and Fulton, T6, p. 6) and on other decaying substances together 
with an accompanying variety of odorous by-products. .This 
succession determines the regular order in which decaying animal 
bodies become infested’ with insect scavengers. Megnin (^85) 
and Hough (^97) have foimd that the order in which insects at- 
tack^ a. decaying body is so constant that they have been able to 
de>^ip a table giving the sequence of the different species. Thus 
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there are three stages of putrefaction and a final stage in which 
the dried tissues are consumed. The first st^e of putrefaction is 
' ihvided into two parts, viz., ^Body still fresh fauna consists of 
Musca domestica, Calliphora, etc.; ‘Putrid odor develops;’ fauna 
consists of Calliphora, Lucilia, Sarcophaga, etc. The workers* 
of the second stage of putrefaction when butjTic femi^tation is 
taking place are Dermestes, Necrobia, Anthomyia, etc. The 
third stage, the stage of ammoniacal fermentation, is accompanied 
by infestation with such forms as Silpha, Necrophorus, Hister, 
Aphyra, Phora, and many Acarina. Finally the dried tissues 
are consumed by Aglossa, Tinea, Anthrenus, etc., and the bodies 
of these are destroyed Ptinus. 

As this succession of species in the fauna of dead bodies holds 
fairly constant, it seems plausible that the odors produced are the 
determining factor and that the microorganisms producing the 
odors are of great importance to the insect as food and as solvent 
agents. Therefore we may conclude that the odors of fermentation 
and putrefaction axe attractive to insects because they indicate 
a substratum made suitable for the insect by the abundance or 
the action of microorganisms. 

’ MICROORGANISMS AS FOOD OF OTHFR ANIMALS 

The use of microphytes as food is not confined to insects and 
mites alone, but is quite common among Protozoa. The effect of 
pure culture of different species of bacteria on Paramecium has 
♦recently been described by Hargitt and Walter (’Ifi). These 
authors were able to sterilize the animal by six successive wash- 
ings in sterile water and then raised them on pure cultures of 
thirty different species of bacteria. They found that the bac-^ 
teria from fresh were more favorable than those from older 
infusions. 

It is probable that many of the Nematoda are also myceto- 
phags. Anguillula aceti, the vinegar eel, wliich inhabits the 
‘mother of vinegar’ and is also found in sour flour paste, and 
many of the ‘parasitic’ nematodes found in decaying plant tissue 
may be attracted at first by exposed soft tissue an^ la^er feed 
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lipcm the iiaicrck)rgaimms in^the decay irith wiacli they 4ii{eet 
the plant; 

Since'Darwin^s work (^81) it has ’been assumed that the i^h- ^ 
worm finds its food in the humiis of the^il it infeste. Humus 
•soil is notably rich in microorgaafems/^or these are the etoora- 
tors of humus from plant and animal remains, and it is .possible 
that they are of food value to the wbnn. ; ■ ' 

Such dfructures as the endostyle and dorssd pharyngeal groove 
of Amphioxus and the Tuhicates are probably for the purpose of 
entrapping microphytes of various kmds. . ^ - 

As pomfed out by Osborne and Mendel ('14 b), microorganisms 
may also be of value to higher animals as elaborators of' protein 
. in the digestive tract from the non-protein substances ingest^i 
This would be especially true in herbivorous ani^ials, as Armsby 
Cll) has shown that non-protein substances aref^a source of pro- 
tein in these animals, probably due to the formation pf. digestible 
ibacterial protein in the digestive tract. The possibility that the 
flora of the digestive tract may modify the food elements supplied 
3n a nutritional experiment is a drawback to the use of mammals 
in such experiments. An insect like Drospphila should -be of 
value as material for such experiments because of the ease with , 
which it is sterilized. 

• Many attempts have been made to rear' mammals' under sterile 
conditions, but most of these have failed so that it has been a 
great question whether or not it is possible for animals to live in f; 
the complete absence of microorganisms. As a large flora ^ 
mally occurs in the digestive tract, it was necessary' to sterilize 
the animal before it had taken food and to keep it .in a sterile en- 
vironment, therefore Pasteur (’85) suggested the use of hehs, the 
‘eggs being well fitted for sterilization. Pasteur’s suggestion was 
later carried out, but the first experiments were' made by Ntittall 
and Thierfelder ('95-’96) on -guinea-pigs, the young being re- 
moved asepticaliy from the mother by cesarian section. The ani- 
mals were kept in a complicated aseptic environment and were 
fed upon food of animal origin. The animals gained 10 gi:ams 
in one week (84 g^ams total height) and appeared to be nomal ^ 
cn the eighth day, when the experiment had to be discontmued*' 
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I» 1896 to 1897 the e3q)eriment was repeated, the gam in weight 
in eleven to thirteen days was almost normal, being 108 to 132 in- 
stead of 130 to 180 grams. • In a third paper (’97) the Authors 
experimented with the h«i’s egg and found that it was not ster- 
ile; they also summed ip their previous work in the conclusion 
that animals just bom do 'not grow well in the absence of micro- 
organisms. Schottelius interprets the increase in the weight due 
of guinea-pigs in these experiments as due to the coagulation of 
caseinous material, from the milk, on the lining of the digestive 
^ tract. This author used hen’s eggs as material to sterilize, but 
after a brilliant series of experiments (’99, ’02, ’08) haS arrived at 
the'concflusion that normal life without bacteria is impossible, as 
all the sterilerindividUals reared are retarded and stunted . Mrae. . 
Metchnikoff (^0^) and Moro (’05) obtained similar results with tad- 
poles. In 1908-Tibbert, from theoretical considerations, came to 
the conclusion that higher organisms cannot live in the absence of 
microorganisms because each species of animal harbors definite 
numbers and species of bacteria. Metchnikdff, Weinberg, Po- 
zerski, Distaso, and Berthelot (’09), on the other hand, reared 
the fruit bat Pteropus medius to normal size under practically 
wptic conditions, and Cohendy (T2) kept chicks alive in an- 
aiseptic condition from twelve to forty days. Cohendy ’s con- 
clusions are as follows: 

La vie sans microbe est possible pour un vert^^jr^—le poulet—pourvu 
nbnnalement d'une riche flore niicrobienne. 

Cette vie aseptique n’entratne par elle-m6me aucunc d4ch6ance de 
I’organisme. 

Kianigin (’17) has recently reopened this question by a 
review of all the literature. At first sight it appears incom- 
prehensible that aseptic life should l^e so difficult when the 
^eatest quantity of microorganisms is located in the non-diges- 
tive portions of the digestive tract, Metchnikoff (’09) points out, 
however, that the digestive powers of newly born are much 
weaker than those of older animals. The increasing number of 
cases of organisms which can be raised aseptically indicates that 
an aseptic existence may be possible in the majority of cases. 
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N^cki ('86) gave indirect evidence in this (firection when ‘ he 
showed that the action of digestive ferments on food-stuffs nmkes 
them Very quickly soluble and absorbable. The action of Bac- 
teria merely carries the decomposition to a lower level, yiddii^ 
•unassimilable aromatic acids, fatty aciis, phenol/ kresol, indol, 
skatol, carbon dioxide, methan, etc. The indications are, how- 
ever, that microorganisms are of value as intestinal flopa not 
because of their digestive, but because of their synthetic power, 

MICROORGANISMS AS INTERNAL SYMBIONTS 015 INSECTS 

In addition to the cases of internal symbiosis of fungi with 
insects inhabiting dry wood, many Hemiptera a/id Bjattidae are 
also associated with microorganisms. These are usually bacteria 
or yeaste and infest the ovary. For example, the pseudovitellus 
of the aphid was long a puzzle to embryologists, but finally proved 
to be a granular body containing yeast cells which in the further 
development of the» insect make complicated migrations and 
finally become lodged in certain fat-bodies which are termed 
mycetocytcs or bacterioeytes, after which the infection of the 
ovary takes place. The evidence that a re^ symbiotic relation- 
ship exists in the Blattidse and Hemiptera is given by Buchner 
and others as follows; 

1. All eggs are* infected. 

2. The infection is not injurious to- them. 

3. Each species of insect is associated with a definite species 
of microorganism. 

4. This association is very definite and almost a specific 
character. 

5. The yeasts profit by the relationship in the protection 

which they receive from, the host against the vicissitudes of the 
environment. , ^ 

6. The yeasts multiply as the animal multiplies, always being 

present in constant amoimt even in such rapidly increasing forms 
as aphids and coccids. „ 

7. Tife yeasts and bacteria are of value to the host as destroyers 
of wi^te products of metabolism, such as urates, according to 
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Sulc (10 b), and as absorbars of excess food matenals such as 
sugar, ^cording to Pierantoni (10). 

'fhe movements and location of the symbionts has been studied 
by Buchner (12) in a great work on the Blattidffi. Glasgow 
(14) has also studied 0 ease of symbiosis in which the microor^ 
ganism, instead of being located in a fat-body (inycetocytes), as 
in tht cockroaches, is retained in very highly developed gastric 
caeca of the plant bugs (Heteroptera). The function ascribed 
to the bacteria by Glasgow is the prevention of infection of the 
digestive tract by other bacteria. Dissected digestive* tracts on 
bacterial media gave only pure gi*owths of the associated micro- 
organisms, Petri ('04, '05, '00) studied the similar case of Dacus 
oleae, whifeh febds on the olive, but ascribes to the bacillus 
alipolytic enzyme of assistance in the digestion of the food. 
Schaudinn ('04) finds that a fungus (Kntoinophthorineae) is 
transmitted through the egg of Culex and is always found in the 
diyerticulae of the oesophagus of adult j^nopheles and Gulex. 
He has been able -to Tear the fungus in sugar solution and has 
demonstrated that CO 2 is formed in the imago from the sugars in 
the blood which it has sucked up. It is probable tliat the irri- 
' tation caused by the bite of mosquitoes is largely due to enzymes 
secreted by these fungi. 

In these cases the associat(‘d fungus may be a commensal, in 
its relation to the host, profiting by an oversupply of some food 
substance, as in the case of aphids, mosquitoes, etc., or may 
be of value as a chemical agent, as in the case of Dacus oleae, 
or may be ‘of service in maintaining an unchanged digestive flora, 
as in the Heteroptera, as described by Glasgow. In general, 
however, the exact function of the microorganism to its host has 
not been thoroughly explained. 

CONCLUSION 

I have shown by experiments that Drosophila living in fer- 
menting fruit are dependent for their food supply on the synthetic 
and absorptive powers of yeast cells. In a sifnilar manner, my 
study of the relation of Musca domestica to manure^ of Desmome- 
topa to decaying meat, and of Sciara and Tjrroglyphus to decaying 
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wood shovi^ clearly that these Arjjhropods also feed on nucro- 
organisms. J 4ave also endeavored to account for the or^^ 

* and dcvolopment of this habit, to ascertain the probable extent 
^of its occurrence, arid to consider the known associations fit’ 
animals with fungi in general. The expepments and co'nsBJi^ 
ations airtend to establish the, principle that insects inhabrtmg 
^fermepting and decaying substrata of low protein e|§tentx 
usually feed upon the microorganisms present and thus benefit 
by the power, of the fungi to extract, adsorb,^, and sr^hesize 
many non-protein nitrogenous compounds. 
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Resumido por los autores, H. D. Good^le y Grace 

La- importancia de los indices en las teorias sobre I4 herencia dff 
la produeci6n de huevos de invierno. 

Los Indices requeridos por la tqorfa mendeliapa de la hereneia 
de la fecundidad, desarrollados por Pearl, coinciden con 1^*4^ 
servados en una larga serie de datos obtenidos en la Estaeibn 
Experimental de Agricultura de Massachusetts. , Por otra parte, 
los autores demuestrafl que los indices observados y los obtenidos 
tebricamente coinciden tambion si se admite que la feCundidad 
elevada, depends de dos factores, cualquiera de los cualeS sin el- 
otrb^da lugar a una produccibn mediocre, y.cuya hereneia sigue 
el esquema ordinario en los dihibridos. La cqincidencia entre los 
datos, observados y los tebricos es independiente de eualqujer 
punto de divisibn particular entre los individuos que producen 
abundanfes huevos y los que producen una cantidad mediocre y 
parece ^epender del pequeno niimero de individuos de lasfa^- 
lias individuales. Ninguna teoria, por este causa, se apoya en» 
una base firme garantizada por los hechos. ‘ En el presftrte trail 
bajo se incluyen datos que demuestran que’la fecundidad ele- 
vada no se transmits como un caracter ligado al sexo. No se 
excluye la posibilidad de que la cantidad de produccibn est4 de- 
t^rminada por ,uno 0 varios factores ligados al sexo? Parece 
probable que el niimero de huevos ho se hereda coina vha unidad 
dno que es el resultado de varias unidades que pueden heredarse. 

Translation by Jo64 F. Nonidei 
Columbia University 
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INTRODUCTION 


The 'problem ' 

We otve to (’12) the first Mendelian theory applicable 
to; the mheritance of fecundity. This theory may be stated as 
follows. The winter egg prM^ction of the pullet year, i.e., the 
laid before March 1, is a good index of annual production, 
ih^uction' during this period falls into three classes, viz., high 
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(over 30 ^ggs),^ mediocre (under 30 eg^s), and zero. The ratios 
in which these three classes occur in the various families can be 
accounted for, it it is assumed that there are two factors (desig- 
nated T.i and L 2 by Pearl) additional to the factor common to 
all pullets which determines that they shall lay at all. , The Li 
factor follows the simple monohybrid, Mendelian scheme of in- 
heritance, the Lo factor that of a sex-linked factor. It is further 
assumed that absence of both factors* results in zero winter 
j)roduction, and that one factor alone , either in single or double 
dose, gives mediocre production, while both must be present 
to give high winter laying. 

Although ill the grea.t majority of cases the observed ratios 
agree with the expected ratios, Pearl encounters two sorts of 
difficulties. First, the incdiocje and zero classes often contain 
more than their expected share of the progeny. This is natural, 
for it is obvious to anyone at all familiar with poultry that birds 
carrying genes for a given degree of production may fail to 
reach that production. The second difficulty that Pearl en- 
counters is that birds theoretically lacking the proper gametic 
constitution, nevertheless make records that cannot be dis- 
tinguished from those that theoretically have the gametic 
constitution for high production. The explanation usually 
offered for these instances is that they are 'somatic variations.^ 
Pearl means, of course, that there is some overlapping between 
the two systems of phaenotju^es. This occurs through an excess 
of birds in the high class and is most easily observed when the 
expected number of birds is zero. 

While the agreement between the observed and expected 
ratios is satisfactory, the question arises as to whether or not 
this agreement alone is to be regarded as sufficient proof of the 
validity of the theory. May there not be other conditions that 
must be satisfied? Are there shortcomings in the observed 
data of such a character that their value is reduced? May 
there not bo another theory (or theories) that fit the observed 
data? We shall show that these, questions are answered in the 
affirmative. 

> Wo adopt the convention for our data of calling birds laying 30 or more 
eggs as 'over 30/ but those laying 29 or less are classified as binder 30' or zero. 
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An alternatire thcary 

In working over this problem, aiiotlier tluairy lias been found, 
whose ratios fit the observed raties- <Miually as well as that 
proposed by Pearl. In addition it has ilie ibiKfwing advantages: 

1. It is solne^Yhat simpler since it does not iiuadva* si'x linkage'. 

2. It accounts genetically for tin' birds in tin' oM'r-dO class 
for which Pearl’s theory requires a sui)pl('nu'n1aiy I'xplanation. 

3. The only marked (lo])artures from tiie ('xi)eet('d ratios are 
downward, ix,, there is a dedeit'iicy of high prodiu'crs. This 
deficiency cf^n be accounted for idiysiologically. 

The alteinative theory may 1)(‘ stat('d in this form. Winter 
egg production falls into two classes, viz., high (over 30), 
mediocre (under 30). The o])served ratios agix'i' witli those 
expected if it be assumed tliat high b'cmnlity di'pcaids u])nn the 
simultaneous presence of two factoi's, A and U, in the zygote, 
while mediocre production d('j)eiids upon tin' jiresiaict^ of not 
more than one of these two factors in (lujilex, simplex, or nulli- 
plex. condition. The two factors ar(‘ inln'iiti'd according to the 
usual dihybrid scheme. The theoretical ratios rc'sulting are 
shown ia table 1.^ It will be noted that s('V('ral ('lasses of 'males 
cannot be distinguished from each other by tlu' progeny test 
alone. Thus class 2 cannot be distiiigiiislu'd from o, 4 from 8 
and 6 from 7. The members of each jiair can be dist iugui.shed 
from each other only by the ])arental tc'st. 

The ratios expected on Pearl's theoiy [nv given iii talile 2 
(modified from Pearl, ’12). 

The detailed reasons for grouping the zi'ro class with the 
mediocre producers have been discussed in another plac(^ (f lootl- 
ale, T8) and need not bo repeated h('re. It will Ix' suflici<‘nt to 

® The observed mtios onnnot he (^xphiincd hy :lSHuuiiIl^ a siij^h' fuclorijil 
difference betn'cen hifili and jnediocre jjrodncrTS. Several ihViia' rtjiiiijlicated 
schemes, however, can be devised that furnish t!)<' desired tlieoretieal ratios. 

® The use of the form of the presence and abs;eiic(^ thesory does not necessarily 
inij^iy an acceptance of the view .that material icirlielf-.s are prestoit or absent. 
Whenever a chanj^e takes place in a locus of a chromosotne, it is cleiir tliat an 
absence of tho preceding condition occiir.s. Thus, A represents mere-Iy a con- 
dition of a chromosome (or loCus) different from a. ’ 
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recall that the. evidence favors the view that this class is wholly 
artificial and depends for its existence upon ^ artificial division 
point in the calendar year. However, no difficulties need be 
expected in fitting the observed to expected ratios if the alterna- 
tive* theory be modified to consist of Pearl’s three classes, for it 
can be assumed that the double nulliplex clafes accounts for the 
zero producers. We have applied this modification to several^ 
of the observed ratios and found that it fitted well. 

THE MATERIAL AND ITS TREATMENT 
The kind (md sources of data u^ed 

The observations presentee^ in this paper are the winter egg 
records of our Phode Island Red pullets for the years 1913 to 
1917, inclusive, together with Pearl’s data on Barred Plymouth 
Rocks, pure 'ComislL and the crosses between the two breeds. 
(Pfiarl, ’12). We have also a small amount of data on pure 
Cornish and one cross of these with the Rhode Island Reds, the 
latter, however, of prime importance. 

The arrangejnent of data 

I'he data are presented in the following order: 

1) A table (no. 4) showing Pearl’s observed .and expected 
ratios compared ^yith those of the alternative theory. 2) A table 
(no. 5) showing the observed and expecterl ratios of our own 
data arranged according to the two theories, together with 
such comment as'' seems necessary. 

The primary object of this paper is to test the applicability 
of Pearl’s theory to our data. Consequently, we have reduced 
our data to essentially the same form employed by Pearl. More- 
over, we have included in our data only* birds hatched in April 
and May in order to conform to Pearl’s practices in this 
respect. ' 

In this study we have limited ourselves to a consideration of 
one phnse of the problem of the inheritance of winter egg pro- 
duction. Later we purpose to present our data in a form that 
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will make them available to all and at that time to eonsiclrr the 
subject from several other an^os, aiiion^r tluan that of sele(‘tion. 
We may anticipate the pro[)osod work sulliciently to note that 
egg production yields. readily to sehnaiou (»ii a. suitalde basis, as 
Pearl (’lo a and b) and Dryden rlib have already found. 

The podiipn of the ‘niifnerica! (firisinn point hefnren high oml 
. }PC(}{o{'rc pro^tne(i';< 

The deterniinatiou of a suitable nuimaical division point has 
been a matter of concern in our work, for it, ropnstaits the line 
of separation between two genotypes, which, howevta*, may 
overlap. The obvious method of finding I his point is to plot a 
distribution curve of the winter egg jinidmaioii, and (h'tennijie 
the-point at which the a, ntiniod(‘ occurs, dliis mclliod indi<‘a(es 
no other division point for our Hhod(‘ Ishind Iteds c\(a‘|jl the 
one at or near 8tVeggs. At the sanu' tinu' the ('vidc'iice is nyt of 
a very striking character. Finiher, 1 have sliown that llu^ liino 
of hatching has a niarkcd iidlu(‘uce on llu' slmpe of thes(‘ curves 
(Goodale, ^18). We huAe, tlierefore, assuiiuMl other division 
points and worked out a com|)arison belwra'ii the observed an<l 
theoretical ratios which is given in table/). 

A division point at 40 eggs has sonu* ('vidiMici' in its favor. 
An inspection of our records indicat('s that hVbniaTy lb <‘on'e,- 
sponds more closely to the end of the winten* ])ei'iod than March 1 , 
because during the last half of February therc^ is a r('sim)ption 
of production on the part of 'birds that hav(3 iiudergoiK^ a winter 
pause. Aloreovef, the curve of daily egg production show.s a 
sharp upward turn at this lime. The rale of ])ro(liiction of birds 
at tills season is sufficiently high to make the last fourto(ai days 
of February yield 9 or 10 eggs^ so tliat an egg yiroductioii of 40 
eggs before March 1 is the equivakmt of 80 eggs laid before 
February 15. Because of the form in wliich the records are 
transcribed, it is much simpler to handle the data with a division 
point at 40 eggs laid before Alarch 1 than to use a division 
point at 30 eggs laid before February 15. 4'here is no objection 
to this method of treating the data, for the very few birds that 
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begin to la/ for the first time between Febnlary 14 and March 1 
may be easily#sorted out and classified as zero instead of mediocre 
producers. We have not done this, however, in this paper as 
they are too few to affect the ratios seriously. 

The results of assuming various division points are these. All 
division points tri^d give ratios that fit the observed equally 
well (compare table 5). The gametic classes in which the 
individual breeders fall, however, shift with the change. For 
example, in 1917-18, the various males belong to high-producing 
classes with a division point at 30 eggs, but to low classes if the 
division point is made at 60 eggs. 

data on UAURED PLYMOUTH ROCKS, CORNISH, AND RECIP- 
ROCAL CROSSES 

Although the application of the alternative theory to Pearl’s 
data, table 4, has ordinarily been made without difficulty, in some 
instances, the fact that the data are grouped To fit a different 
.scheme has made it impossible to secjire a good fit. An example 
is given by male no. 558 which was mated to five females, all 
referred by Pearl to Cornish females of class 1. They give the 
ratio of 1 high to 9 mediocre producers. Although the 1 : 9 ratio 
cannot be accounted for, it is clear that one female produced one 
high and either one, two, three, or four mediocre daughters, the 
other females producing mediocre daughters only. ‘Such ratios 
are accounted for by the alternative theory. The other cases of 
poor fit are doubtless of the same character. 

In several instances it is possible to refer a male to more tha® 
one gametic class, but this is not done unless the ratios are 
identical. , 

When Pearl modifies the ratios to accord with physiological 
facts, the modified ratio is used, except when the modification 
made does not affect the alternative theory, e.g., when some 
zero producers are showm to be mediocre producers. In two 
instances, viz., males no. 26 and no. 557, where the alternative 
theory does not fit the observed ratios as well as Pearl’s theory, 
the deviations are not beyond the bounds of probability. More- 
over, the deviation is. in the direction that might be expected 
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from a physiological* charatiter lik(' egg production, \rA., there is 
a deficiency in the group of high i)rodueers, that is,,llie genes for 
high production may be present. h\it do iiot ('oine to expression. 
This failure may ho duo to r>ther genetic causes, such as a, 
tendency to slow development or subnormal \itality. Hut what- 
ever the explanation, it is clear, on tlu‘ altiamative tlieory, that 
all Cornish males by Burred Plymouth Hock haiiah's .show a 
slight deficiency of high producers. 

In the ease of male no. oTS mat(‘(l with harred F, hanales 
(Pearl, ’12, p. 373), the nlternati\'c theory gives I’atios that lit 
the observed ratios, though this instance dot^s imt c( inform to 
PcaiTs theory, as he Inmstdf recognizt's. 

The results of mating male no. oTS to l)la(‘k F, f(‘inal(M can be 
explained on the alternative tluany as was doin' for maliMio. ooS. 

In table 31 (PeaiTs) tin' grou])ing of tiic parmts jii“(“chnh's an 
applicathm of the alt(‘rnativ<' tln'ory. 

DATA ox RflODE ISLAM) ]{l<:i)S AM) ( imMSH 
(iCKCt'dl 

In table 5 is given a conpiarison betuiaai tin' ol)ser\(‘d (lioman 
type) and expected (italics) ratios aiinngi'd aciairdiiig to tin' two 
theories under consideration and tin' \ai-ir)us division jmints 
assumed. The mean winter ('gg produel ion of tin' vai'ious 
groups is also given under tlie luanling ‘ Pearl's theoiy in black- 
face d type. 

The records made in the winter of 11)13 11 ar(‘ tlios(‘ of pullets 
from non-pedigreed stock. The sucfa'eding years represent 
mainly succeeding generations di'scended from thi« stock. Con- 
siderable, new blood, however was added in IDlo. As any 
number is assigned to only one individual. Ilu^ rernh'r can readily 
ascertain which males were used in inon; than one brec'diiig 
season. With the exception of 1914 Id, mah's have always 
been assigned the same gametic const itui ion. The egg pro- 
duction for 1914-15 is clearly abnormal, m'verthelc'ss, .by not 
attempting to assign the same gametic eonstilution as in other 
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years, a good fit botwcM'n observed and (\\pr(‘iFd rati(»s is ob- 
tained. although such a result is hardly \o bo r\{KM‘(ed. Moiv- 
over! the data for l0l4 -Id, if c<ini binod with tlnit of whatever 
other year may be involved, give sati>farlory ratios (‘\ooi)t for 
one male, viz., male no. 271. d'lu' ratios for this male are, on 
Pearhs theory, 3:32: 12 observed, to 0::r),:j|): M do <‘xp<v('tod. 
On the alternative theory r.atios .are 3: 11 obsorxaal, to 
11 .dO: 3d.d0 expected. 

The various years are not wholly oompaiable to one anotlmr. 
Certain changes in manageimait, dc'sorilaal in lal(‘r s(M*t ions, 
have been force<l upon us. SiT'otixa' matings ha\a' also lnaai 
made in various x^ears. Some wvw imuh^ for high production, 
but others were made ])rimarily for low produotion, l,at(‘ niaturity. 
hatching quality of eggs, x igm’. broodiiu'ss, and si/j'. 4'hus, a 
pm-tion of the matings eac'h yeai- art' made at random as far as 
egg produotion is eoneeriKHl. 

In compiling these tabh's the progaaiy of (‘ach pi dr was first 
distnl)uted into tlie 'thr(H' (n'sp(‘cti\'e]y two) gioups of pro- 
ducers required by each t luxury and tln^ e\p(‘ct(Ml ratio that 
agi‘ce{l most closely with tlie obs(‘r\('d ratio detdiiniicd by 
inspection (compare table 3), It was of coursj^ iK'ta'ssary to 
select a gametic constitution foi’ tlu' mah' that wciuld gi\(' 
suitable ratios for all the females with whi(‘h li(> was mat(‘d. 

An exact fit for all females cannot ix' expect(“(l. but iii only two 
instances has the deviation biaai gi'('a1(“r than and ono- 

half individuals, i.e., a change of thr(M- individuals and oiH‘-h:ilf 
from one class to another makes tin' obserxa'd and exjxctc'd 
ratios agree perfectly. C'hanges of thiaa' or thna^ and oiie-lialf 
individuals are rare. The sum of th<' tTsca ved and (‘NpecP‘d 
ratios of the various niJitcs of eacli mah^ const it i it (‘ the data 
given in table 5. 

Within the limits designated, we liavt* not lu'sitatrMl to choosi' 
that theoretical ratio which gixes the closest lit in th(‘ total, In 
some instances it is possible to assign moia' than one thcoia't ical 
ratio, but we have not dom^ so. 

By accepting the discrepamaes ineiitioued b(dw('cai ob.served 
and expected ratios, we avoid classifying an indix idinil breeder 
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as a ‘somatic hii^li, mediocre, or zero producer, save in a viny 
few instances, and these all clearly result froi^i soim^ peculiarity 
of management, such as lurds hatched lati^ in May with records 
of nearly 30 eggs. Sucli e\c(‘]>tious an' appaiuut I'atlua’ than 
real 

In one or two instances females, such as female no. tiOOT mated 
to male no. 5584, table 3, hav{‘ bcMai (‘ucoiiu1('r(*d wlu'n' tin* 
number of high producers does not nuMa (‘xpi'ctation. In the 
case just cited, the progeny w(M’(' obviously subnormal in vitality, 
but were kept liecause tlnw <‘atti(‘ from a high-liaU'hing liu('. 
We can readily understand that (cises may aris(‘ wla^n' a, bird is 
genetically high although its na’ord is ouMliocriv but it is hard 
to see how a bird genetically medioei'e should niarkially ti'ausci'ud 
the division line between classics. Souu' n 'cords, csiaM-ially 
records not far above the dh’ision lint' luv to be e\]n'et('d, but 
since it is a universal ex])erieuce with Meiah'lian ratios that 
individual families freipKailly diwiaU^ markedly from ex])e<'t{Ml 
ratios, although the average tit eloscly, it has sfM'uu'd wis(‘st to 
take this way out of sueh a ditlieulty, intlu'!' than assuim' that 
the genetic constitution is not n-pi'i'scnt t'd liy the somatie, 
record. 

In compiling the tables, the genetic couslllutiou of (au'h male 
is first determined by the ratios in whi(‘}i his f)ff spring oi'ciir. 
When this result is cheeked against tlu' par<‘nls of tlu' mah' in 
question, it may happen that a, maU' of tlu' class iiulicaP'd by his 
progeny could not have arisen from siu'li pai'('nls. It is i>nssii>le, 
however, to adjust all sueh disei'cpancK's wheiv a division point 
of 30 eggs is used. Doufitless adjust uk'uIs (‘an Ix' mad<‘ in (he 
case of the other di\'ision points, but it dot's not seem lu'Ct'ssary 
to pursue the matter further, rnability to make sm'h adjust- 
ments would indicate that neither theoiy h:is any basis in fact. 

The same care has been taken in classifying iht' hamih's. To 
do so, however, is not as simple as it st'cms. for cliaiigt^ often 
involves others, and a long chain of (‘hfingt's is often nect'ssnry 
in order to reduce all the data to a ban non ions whole. W(^ have 
gone over the data with this ('iid in \’iew. hir both theories 
with the division point at 30 eggs. With the single exception 
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of male 3003, as given elsewhere, e\’eiy case encountered falls 
into lirKJ. The data, therefore, are reduced to a harmonious 
whole a f;;ct that speaks strongly for the validity of both 
th('ori{'s. It is also noteworthy, ^vhere families are large, 

I hat they tit tlu! .scheme with practically no difficulty. We do 
]iot feel (‘utirely confident, howcs'er, that it would bo possible 
1o aceomidish the sanu^ results witli a really adequate series of 
data, iu which the families are of sufficient size. On the other 
hand, it is certain that one could use either scheme as a guide 
in breeding onl.y^ if one knew definitely the gametic constitution 
of the. blrd.s lie started ^^■ith. d'his knowledge can be obtained 
eillua by a siaies of l>rccding tests extending over several years 
or ('ls(‘ one must have available a progeny from each mother of 
twenty oi’ more daughters It is impossible to start as we have 
done and mak(^ the progeny and parental tests agree except by 
constant shifting of birds among the various gametic classes. 

One family, sired liy male no. 8027, when a division point at 
GO (‘ggs is used, fails to show a good agi’cement between observed 
and theoretical ratio.s on PeaiTs theory, due to a deficiency in 
the expected nimibor of birds laying over 60 eggs among the 
daughters of higli producers, ^^uch a deficiency is explicable, in 
pai t at least, because of the ease with which a record can be 
depressed lielow the diAusion point, through environmental or 
managerial factors, for 60 egg,> is at or near the maximum pro- 
duction for birds beginning to lay December 1. Thus, it is easy 
to understand wliy a portion of the daughters do not reach 60 
eggs. 

'The only real exception to the application of PearPs theory to 
our Kliode Island Red data is the case of the family .dred by 
male no. 3003. The detailed data of this mating are given in 
tables 6 and 7. 

In some resiiects the production of the daughters of this male 
is similar to that of the daughters of the Cornish male described 
in another section. In 1915 male no. 3003 was mated to several 
poor-producing birds, primarily in order to secure a flock of 
uon-brt/ody Rliode Island Reds. As will be observed from the 
table, all his off, spring are either mediocre or zero producers. 
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In 1917 he was bred afi:ain for4he same i)uri)os<^ as in 10ir», but 
this time was mated to other birds also, t'he results lor 1017 
are in striking contrast to those of 1015. allhougb the records 
of the.iiew mates are only slightly better than tlu' old. How- 
ever, if the two years are combined, tlu' actual mtio is 12 high: 
14 mediocre: 11 zero, which may re])resent a theoivtic'al ratio of 
13.75 high: 18.50 mediocre: 4.75 zc'ro. 

Cornish male by Rluxfv Isl'nul Red fcHiah- cross 

The detailed data of this cross are givc'u in table' S. 4’he 
results of this experiment are of ]u-iiiie im]iortanc(^ for tlu'oric's 
of the inheritance of winter (‘gg production, bcM'ausc' it demon- 
strates, in the Rhode Island RchI bivcnl at h'ast. that high pro- 
duction descends from mother to daughtia-. It is iui|)orlant to 
realize that the Cornish stock used in our experiiiuaits was ob- 
tained from the same souree as Ikaurs. Ihulhc'r. our data on 
the Cornisli are in good agreement with tin' immeiic'a] rc'sults 
obtained by him (Pearl, '12). It is likewise' of iiu))ortauei' to 
note that the Cornish females bred to tin* saiiu' male' as the' 
Rhode Island 'Red females give a sti'ikingly dii'fc'rc'iit msiilt . 1 f wc' 
attempt to reduce these data to the form of Pc'iuTs tln'ory, w<' at 
once become involved in diflicultic's. In tlic' first ])la(‘c'. no high 
producers at all are to be expc'ctc'd, yv\ wo find that twenty-* 
eight of the thirty-one individuals are high producu'rs.' 

While the average winter egg ju'oduc'tion (19 .2 c'gg's) of t lu' 
cross-bred pullets is not ccpial to that of tlic'ii- moflH'rs (Tl.ti 
eggs), it is nearly ef[ual to that (52.5 rggs) of tlu' motlu'r’s 
faniilies, i.c., the mothers and thc'ii- sislc'rs, d iu' avc'iagc! pro- 
duction of the mother’s familie" sc'ems a fairei' basis for (com- 
parison, as the mothers wen? a group of 'individuals with 
production much above the average, and ic'gressioii would e(‘r- 
tainly be expected. The average hatching dai(? of tlu' iWo 
mothers is April 16; of their families, A I ay 2; and of tlie cross 
breeds, April 19. The difference's in time of hatching may 

* Unlc.ss otht'rwise inrlicatcd, a hiuli j)ro(lucof i< :i hiffl th.'ii lays .‘Id or inoro 
eggs before Mareh I of her ]jiil!et vi.ar, 
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introduce a slight error in the comparisons. The error cannot 
be estimated, because two lots of birds, hatched a week apart 
may differ by as much as 30 per cent in average egg pn)ductiou. 
However the regressions from the mothers’ families’ average is 
about the same proportionally as Pearl observed in the case of 
the reciprocal cross, viz., Barred Rock males by C’ornish females. 

Several cross breds laid more eggs than their own motheis. 
This happened in two out of the live families, witii an average 
excess of best daughter over mother of 2h\ eggs against 15§ eggs 
of mother over best daughter in the other three families. 

If the Cornish are not restricted to the three gametic classes, 
viz., 5, 6, 9, as is done by Pearl, it becomes possible on PeaiTs 
theory, to secure a set of ratios that fit the observed fairly ^^■ell, 
if it be assumed that the zero producers are physiological zeros. 
This assumption is plausible, because most of the Cornish are 
late maturing. Without this assumption it is impossible to find 
theoretical ratios in Pearl’s theory that fit the observed vat i os. 
Nevertheless, it will be observed froni table 8 that coiisid(Table 
violence is done to the observed ratios in the case of one Cornish 
female, when an observed ratio of zero high to three mediocre to 
two zero producers is referred to a theoretical ratio of 2| high, 
mediocre, and no zero producers! It is also iiecessary in 
other years to make similar changes in fitting observed to ^ 
theoretical ratios, on the assumption that male no. 9101 belongs * 
to class III. 

There is still another difficulty to be explained on Pearl’s 
theory, and that is the occurrence of a single Cornish female that 
is unquestionably a high producer. It is diff](;ult to believe 
that she is a mutation because she is the daughter of a bird that 
though late hatched and somewhat slow {tl)()ut matui’ing, laid 27 
eggs in a single laying period before March* 1, i.c., has the 
characteristics of a late maturing high-producing female. 

On the alternative theory, no difficulties are encountered in 
fitting observed to theoretical ratios. 

Some of Pearl’s observed results are in agreement with the 
results of our cross, particularly the progeny of Cornish male 
no. 578 (Peatl, ’12, p. 373). Here a number of high-producing 
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birds appear where none are expected. Moreover, PearFs data 
show.s that lo.o per cent of the F: offspring from Cornish males 
by Barred Plymouth Bock females lay more than 30 eggs, the 
average excess production being 15.7 eggs or more than 50 per cent. 
Now, the average winter production of these over-30 birds is al- 
most exactly the same (viz., 45,7 eggs) as that (viz., 46.2 eggs) 
of the over-30 birds produced by Barred Plymouth Rock males 
on Cornish h^males. It should be observed further that in most 
ca.s('s the mean \vinte]’ egg' production of the over-30 gi'oup, in 
cases involving tlie use either of Fi or pure Barred Plymouth 
Rock males is alsr) low, ranging from 35 to 57.2 eggs, the average 
being 45.0. Wlhle it is not feasible to pursue the analysis 
furtlier. because of the form in wliich the data is presented, yet 
in view of the fact.s presented above, it is not hard to believe 
that the results of tliese crossing experiments do not necessarily 
iin'olve sex linkage. 

Till': JiEARTXC OK MODIFIOATIOXS IX MAXAGEMKXT OX THE 

Ki:sur/r8 


Whe^n these experiments were started, it was with the intention 
tliat the methods of management (i.e., the environment) to the 
smallf'st detail should remain constant throughout the work. 
Unfortunately, however, it soon developed that something was 
radically wrong witli the method of rearing the chicks, which 
made changes here inipiaativo. Later, results of the exjjeri- 
inents themselves made eertain changes in time of housing the 
pullets necessary. The various changes made are given in 
appiaidix 1. 

Of tlio \'arious changes them is only one, viz., a change in 
method of rearing the chicks, that appears capable of affecting 
the results to an appreciable degree, though it does so in two 
wa}'s. First, this cliange now' gives ns with certainty normal 
adults to place in the laying houses. Second, it makes possible 
the maintenance of the laying flocks in a state of freedom from 
hifeef'ous disease, ])articularl}' roup. Roup, althougn very 
ca|)i'icious in making its appoaraiico, is favored by certain envi- 
ronmental conditions, expecially the weather. Moreover, the 
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birds react variously. Some are apparently immune, otliers 
take the disease in a mild form and without ai)paront detrinuait 
to egg production, while others take it with various degre<s of 
severity (our Cornish, for example, are particularly susce])til)le). 
Such individuals may cease laying entirely for a time or lay 
spasmodically. The presence of roui), therefore, comphcates 
matters greatly. 

The degree to which the.se (Oianges in manageimait luive af- 
fected our records is a matter of surmise (mly. \\v ha\'e no 
precise data on this point. The cvichaice from th<' re(xn'ds 
themselves indicates that it may l)e of small moment as attested 
by the presence of low records in clean years. Nevertheless, the 
prc.seneo of the.se changes in management iiitnHluces an eh'inent 
of doubt, especially because of the variability in susceptibility 
of individuals and families to rouj). 

Size of /(iniilles 

There is a difficulty,'' common to PcaiTs data and my own, 
that renders it impossible at present to deciih^ b(dw(‘eii tlu^ two 
theories and their several modifications and which naulci^s it 
somewhat doubtful that either scIu^hk^ has any foundation in 
fact. This difficulty lies in the fact that tlu^ adult female' otT- 
spring of each pair are so few in number that it is almost always 
possible to refer any observed ratio to some theoi-edical i-atio that 
will bring each mother into lino with tlu^ ivst of 1 k']- grouj). 
Thus an observed 2:2 ratio will fit any of the following tln'o- 
retical ratios, viz., 2 : 2, 1 : 3, 3 : 1, 3 : 5, oiM) : 7, Since' t he proge'iiy 
of a single male in numerous instane'cs is fairly large, it may be 
urged, by the law of errors, that the agre'.e'uu'ut be'twe'cn ol)se'rv(Hl 
and theoretical ratios is adequate proof that the scheiiiH' correctly 
represents the actual mode of inheritance t)f wintea' e'gg ])roduc- 
tion. This would be true only under certain e'onditions, whie'h 
are: First, there must be no bias. Second, tiie samph? of females 
mated must be a representative sample of tlu' population. 

® This difficulty is not confined to efij^-produclion .sUitifjtics, but uiifurtuirntnly 
is encountered in much Mendelian work, part icubtrJy with iriaiikind, 
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Third, the sample must be sufficiently large to include a proper 
proportion of all kinds of females. Fourth, the various females 
must produce approximately equal numbers of progeny. Not 
one of these points is fulfilled. The first, because it is evident 
that a bias exists which is the endeavor on the part of the in- 
terpreter of the data to secure a good fit between observed and 
theoretical ratios. No method exists by which this bias can be 
overcome. The second point is not met because the females 
are selected samples. The third, because the samples are com- 
paratively small. The fourth, because some females produce 
many more progeny than others. It must also be remembered 
that the application of ratios is made to the progeny of each 
mother separately. 

The importance of size of family is not merely an academic 
consideration, but very real as anyone who has worked with 
Mendelian ratios will readily appreciate. Even when dealing 
with the simple monohybrid ratio of a morphological character 
the progeny of a single pair often deviates widely from the 
expected ratio even when fairly large numbers are secured. 
The average number of adult offspring per mother in PearPs 
e^eriments ' with pure Barred Plymouth Rocks is only 2.85, 
while in my experiments it ranges from 2.5 in 1913 to 6.97 in 
1916. The largest family (i.e., offspring of one mother) of pullets 
I secured, hatched in April and May, is 19. One can only guess 
at the size of Peari’s largest family, but it cannot be much 
greater, for with the sexes evenly divided and with maximum 
production and perfect hatchability, the maximum number of 
April- and May-hatched pullets that can be expected in any one 
year from a single mother can hardly exceed 25. If 10 pullets 
per mother are available and if their records appear in the 
ratios of 4:6, 5:5, 3:7, or even 2:8, they would not be im- 
probable deviations from 1:3, 3:5, or 1:1 ratios, for three birds 
moved from one side to the other in the extreme case of the 2: 8 
ratio changes it to equality. Thus, if one encounters a series 
of ratios which corresponds in general to that of a particular male 
mated with females of several types, but among which one female 
occurs that gives a ratio of 2:8, wheii .equality is required, the 
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bounds of probability are not exceeded in considering the 2 : 8 
ratio a chance deviation from equality. The same sort of 
reasoning applies if we recognize three sorts of winter layers 
instead of two. 

In order to secure families (i.e., progeny of a single i)air) of 
sufficient size, hatched at the proper time, and fuKilling the 
other conditions necessary, it is necessary to repeat identical 
matings of a critical nature through a period of yeaj's. To do 
this would require huge physical facilities. It will therefore he 
difficult to secure suitable data. 

There is another consideration that affects the application of 
small observed ratios to theoretical ratios. Any individual is 
placed in one of two (three, respectively) classes. It is obvious, 
then, that ratios such as the following 1:0, 0:1, 1:1, 1:2, 2:1, 
1:3, 3:1, 2:3, 3:2 and so on will occur as a matter of chance.'’ 
It is obvious, furthermore, that only when it is ])()ssiblc to 
obtain a really adequate number of female progeny, not loss than 
20 from each pair, will it become possible to determine delinitely 
whether or not either theory has any basis in fact. As Castle 
(’15, ’16) has maintained, we may be dealing with a character 
that is purely continuous in its variation. 

The ease with which any observed set of ratios in small families 
can be made to fit at least one theoretical ratio is em]>basized by 
the changes in management as given in an earlier paragraph. 
Thus, no difficulty is experienced in securing a cl()s{' fit betwetai 
expected and theoretical ratios in 1914, althoiigh tlu* egg pro- 
duction of ihe progeny of the males used that year was entirely 
different from that of the same males in other years. Of course 
it is necessary to assign the males to differ(ait. garnet if‘ classes in 
the different years. Under such circumstances, it is obvious 
that Mendelian ratios may not express the true mode of 
inheritance of fecundity. 


® The serie.s for three classes are 1:0:0, 0:1:0, 0:0:1. 1:1:0, 0:1:1, 1:0:1, 
1:1: 1, 2; 1:0, 2:0:1, 0:2: 1, and so on. 
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RATKKS AMONG THK PARENTS NEP:DED TO GIVE THE OBSERVED 
MEAN WINTER VXiG PRODUCTION OF AMERICAN 
liRKEDS WITH RANDOM MATINGS 

The mean ^\■intor egg produetion of several American breeds 
of poultry is about 36 eggs as has been pointed out by Pearl 
(’lofj). This a\T*rage results from random matings. To secure 
this ax'orage requires that tlie ratios in which the various classes 
of hatiales appear shall be 12 high, 8 mediocre, and 1 :?ero, if 
the average winter production for the' high group is about 55 
eggs. The high-producing Barred Plymouth Bocks studied by 
Pearl (’12) averaged 53.08 eggs, the mediocre 15.58, and occur 
in the o})scr\'ed ratio of 3()().5 high to 252.5 mediocre to 30 zero, 
\\'hic}i is close to that expected. If 36 eggs or thereabouts is the 
genera] \^’)nter average of American breeds that are pro])erly 
managed, it follows that the three classes of females should 
occur in the ])rop(>rtions given above. To produce females in 
this I'atio with random matings requires that the various classes 
of males also ap])car in certain definite ratios. We have de- 
termined one set of ratios (percentage), viz,, 14.7 : 15.5 : 25.0 : 
3.!) : 3.3 : 5.3 : 11.0 : 19.2 : 0.2, that with females in the ratio of 12 
high; 8 mediocre: 1 zero (percentage ratios, 57.1 high, 38.1 
mediocre, 4.8 zero) re])roduces \'(‘ry neaily the initial ratio among 
the female offspring. It does not, however, exactly reproduce 
itself among the males. Whether or not it is theoretically possi- 
ble to secure a ratio among the males that with random matings 
will yield females in tlie proper proportions and reproduce both 
itself and the projiei* fiMiiale ratio in each generation we will 
lea\T to those who liave the necessary taste and attainments in 
mathematics. It is evident, however, that such theoretical 
ratios must exist if either theory has any basis in fact. 

(RGTICAL VALUE OF .MALES OF ('LASSES I, U, AND V FOR 
PEARL'S THEORY 

T'here are three chi.sses of males, viz,, 1,11 and T, that have a 
critical \'alue in deternuning the validity of PeaiTs theory, 
because the ratios in which their daughters appear is the same 
whatever the mother may be. Thus, class / males throw all 
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high females, class II males throw half high aiul half mediocre, 
while class V throw only mediocre. Neither Pearl nor m\self 
have many satisfactory data on such males. Pi^arl notes hut. 
one class I male, and this one mated to 10 females had an average 
progeny per mother of 1.8 daughters. There wer(' four class II 
males. They have a total progeny of daughters and an 
average of 2.7 daughters per mother, 'Hiese famili('s are wholly 
unsatisfactory. No class male apiioarod. 

Several llhode Island Red males have ajiiieanal that tlirow 
all or nearly all high producers, but not all kinds of hanalc's wc're 
mated to them. Two class II males are recordcal. The. uumher 
of progeny of one is small while one of the mate's of the' oilier 
gave a ratio of 11 high: 4 mediocre: 0 zero against an ('xjK'cted 
ratio of 7J high: 7J mediocre: 0 zero. No class T male appeareMl. 

It is somewhat difficult to ascertain even roughly the ])ro}i<jr- 
tion in which the males of the various classe's should be encoun- 
tered, though it is clear that class V males are' to be' e'\])e'(‘le‘el 
only rarely. If we assume that the' projiortions gi\('U in a 
preceding paragraph are approximately (‘oi're'c't . tiien edasse's 
I and II should appear at least as freeiiuaitly as 17/ and at 
least half as frequently as III. They do imt do so, howe'veT 
(table 9). 

It appears probable that the validity or non-valieli1>’ of Pe'aiTs 
theory could be demonstrated beyond elonbt by lirst obtaining 
males supposed to belong to classes /, II, and and then hn'ed- 

TABLE 9 

Observed numbers of 7nales in ench dass uh ficU rniinc.ii b>j liirtn-y 
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ing them extensively to the several sorts of females, to see 
whether or not large families could be obtained having the re- 
quired ratios. 

SUMMARY OF CRITICrSMS OF BOTH THEORIES 

In several places we have indicated difficulties encountered in 
applying PearFs theory of the inheritance of egg production to 
our data and which affect the validity of that theory. Sufficient 
data, however, are not at hand to wholly disprove the theory, 
though the C'ornish male by Rhode Island Red female cross 
demonstrates that the theory is not of universal applicability. 

These difficulties mentioned, however, render necessary a 
state of .suspended judgment even in rspect to the applicability 
of Pearhs theory to his own data. These difficulties may be 
summarized here; 

1. The extremely small size of the individual families and the 
various consequences that flow therefrom. 

2. Results of the Cornish, Rhode Island Red cross. 

3. Occurrence of high producers where none are expected. 

4. The too great ease with which abnormal production n^ay be 
made to fit theoretical ratios. 

5. The lack of class /, //, and V males mated to all sorts of 
females with families of adequate size. 

6. The facility with which the several division points betweea 
high and mediocre producers may be employed. 

Difficulties 1, 4, and 0 apply also to the alternative theory, 

CONCLUSIONS 

The conclusions to be drawn may be stated as follows: 

1 . The mode of inheritance of winter egg production remains 
to be determined. 

2. The validity of PeaiTs theory can be settled- only by breed- 
ing operations conducted on a large scale, with disease and the 
necessity of practical considerations eliminated. It* should be 
borne in mind, houever, that as Pearl's mediocre producers are 
birds that lay at a slow rate, irregularly and spasmodically, 
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while mine are mainly birds of late maturity, that the luinuTical 
results obtained may be wholly valid for his strain. Moreover, 
in the Barred Plymouth Rocks the winter cycle of production 
is a characteristic feature of. nearly all records. It,* therefore, 
remains entirely possible that Pearl’s theory is fully a])plical)le 
to his particular strain of Barred Plymouth Rocks, in wliich 
case it should be stated as a theory of the inheritance of rate of 
production during the winter cycle, l^ooked at from this angle, 
then, it is apparent that PearFs theory may be a com])letc 
explanation of this phase of the inheritance of egg production. 

Although our numerical data are similar to those of Pearl, we 
believe that the methods used in this pajier are wholly inade- 
quate for the solution of the problems of inheritance of egg pro- 
duction. On the contrary, the problems slionld he afiyiroachod 
from an entirely different angle, namely, llial oHhe inheritance 
of the several factors, whose combined action results in a givam 
number of eggs for the winter period (compare ( loodale, ’18). 

SUMMARY 

1. The data furnished by the flocks of Rhode Island Reds at 
this station furnish ratios that agree with those (‘xpected on 
Pearl’s theory of the inheritances of fecundity. 

2. A division point at 4()‘, 50, or even 00 eggs gives ratios that 
agree w^ell with the observed ratios. 

3. An alternative theory that recognizes two (*lass(‘s of winter 
egg production, viz., high and mediocre, and assuiiu's two gtaies, 
both of Avhich must be present in the female zygote in order to 
have high production, and \vhich are inherited according to the 
Mendelian dihybrid scheme, w ill also account for the observed 
ratios. 

4. Reasons are presented, show'ing that lh(‘ applical)ility of 
these schemes^ may depend upon the small avcaage numlier of 
offspring produced by each pair of parents. Methods by which 
the falsity or truth of these schemes iiuu' be established arc 
given. * 
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APPl’NniX 1 

Changes in management 

At the outset of these experiments, it was (ieteriuiiu'd tliat 
methods of management should remain eonslant: Ind, unfor- 
tunately, serious diffieulties in rearing the youn^ stock appeavinl 
and radical changes were necessary. As later <'V(ai1s d(auou- 
strated, the trouble was disease, and not methods of manage- 
ment in the narrow sense. We were much more foi-tunal(' in the 
methods selected for handling the adult stixA and in tin' sel(M‘- 
tion of our methods of incubation. It is tlu' ])urposi‘ of this 
section to describe briefly such changes as hav(' laaai ne(‘essarv 
in order that the reader may be able to uud('rs1an(i tlaar b(\aring 
on the results of the breeding work. 

Ad nils. Feeding. Rations and methods of k'ediiig have 
remained constant, ex(*(‘i)t in the sort of griaai food h'd. When- 
ever possible, green cabbage has In'cn hal durjng thr* wiiGcr. hut 
on a few occasions it has been necessary to suhs1itiit<‘ nmiigcls. 
At other seasons any green feed availabk' has Ix'eii hal. 

Housing. 'Large open-front housi^s liav(' Ixa'ii us('d, (‘xc(‘pt in 
1913--14 when about half th<' ])ullets w(an pla(‘cd in six small 
pens (accommodating twenty-five to thirty birds (\a(‘h) of a long 
open-front laying houstv d'he larg(' house's ai’(‘ ol two type's, 
but very similar. It has never been possible' to obsia'\'(‘. any 
difference in product iem attributaliie' to the' dilii'n'iice's in housing. 

Xuml)e.rs in floehu One type of tin' large' house uas built for 
72 birds to a ])en, the other for 100. d1i(' partitions an* solid so 

that each pen is \drtually a se'parate' house'. Huriiig rree'ni 
years, in order to aceommodate the birds, it has l>ccii iic.fM'ssary 
to place more than the theoretical numbe'r of birds in e'at'b ik'h, 
as high as a 70 per cent ine'rease having be'e'ii maele in eme in- 
stance. This theoretical overcroweling, if it has any e'licct at 
all, should re.sult in decrease*(l e'gg laejeluctioii, and tleerchn’e; in a 
direction opposite the obs('r\'ed results e)f tin' e^xpe'rimeuts. 

'Time of placing birds in the laying Iujuscs. .Vt first the ])ulh;ts 
were placed in the laying houses late iii ( tctohr'i' e)r in Xen'eml)(*r, 
according to age. Xo eggs, liowe'ver, were laid on tlnj range. 
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As the pullets have matured earlier and earlier each year it has 
become imperative to get them into the laying houses much 
earlier, if possible before laying commences. The earliest 
hatched pullets now go in early in September, and th^ later 
hatched, by the first week in October. To make room for the 
pullets, the birds of the preceding generation are moved into 
outside roosting sheds sometime during the summer. 

Chick rearing. In 1913 and 1914, the chicks were brooded in 
the long-pipe brooder hcfuse and grown on the College range. 
The mortality/ however, was so great that in 1915 resort to the 
small hovers was made. This season was devoted to the e.stab- 
lishiuent of a satisfactory method of brooding, which, with one 
or two final adjustments, has been kept as uniform as possible 
since then. 

Chick rations. During 1916 and 1917 the rations were con- 
stant. In 1915, they varied from flock to flock. Those em- 
ployed in 1914 and 1913, though unlike each other and unlike 
any of the other years, were constant throughout each season. 
However, all these various rations were fully adequate to pro- 
mote rapid growth and cannot have had any effect on subse- 
quent egg production. 

Disease. Adults. One of the most difficult problems to con- 
tend with in the management of poultry is the appearance of 
disease. It is a formidable difficulty in the way of securing con- 
sistent results j^ar after year and is unquestionably the most 
important factor in preventing one from keeping poultry under 
uniform environmental conditions, even more important than 
the weather. During the course of these investigations, a 
method of eliminating infectious disease has been developed. 
The records for 1910 to 1917 and the winter of 1917 to 1918 are 
virtually free from the' influence of infectious disease. 

Chicks, a. White diarrhea. Although bacteriological exam- 
inations were made on dead chicks for this disease in 1913 and 
1914 by the Department of Veterinary Science, it was not dis- 

^ 'Fins mortality was due mainly to white diarrhea, and not to the brooder 
house, as later event proved. 
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covered until 1915. Later, Avhen the agglutiuatum tost was 
applied to all breeders, reactors belonging to the original tiock 
were found. Thus most of the mortality during the first three 
weeks after hatching in 1913, 1914, and 1915 must liave been 
due to this disease, as no difficulty is oxpcricueed at ])res(ait in 
rearing chicks. During and since 1915, the experimental flocks 
have been free from this trouble. 

b. Filth diseases. There is a group of diseases about which 
very little is known, but which we infer sire spread by filth. It 
has. been the common practice for years to clean and disinfect 
brooders or colony houses, place baby chicks therein, take pains 
to clean the brooders freiiuently while the chicks are growing, 
but no attention is paid to the ground over whi(*h tlic chicks 
nm, which may be the adjoining hen yard, nor docs the attend- 
ant make the slightest effort to avoid the transfer of filth from 
the adult birds, especially* by means of his feet. If, however, 
adequate measures are taken to prevent such contagion, trouble 
from this source disappears. In addition to ba(‘illary white 
diarrhea, trouble from this class of diseases was experienced in 
1913 and 1914, and in that part of the flock of 1915 which was 
not isolated. In 1915, most of the chicks w'erc reared under 
isolation. In 1916 and 1917, all the chicks w'cre reared on clean 
ground by a special attendant. 

APPENDIX 2 

Remarks to practical poultrjpnm 

Theories of egg production are of little interest to tlie prac- 
tical man unless they can be turned into actual eggs. The 
poultryman has been told first one thing and then another about 
breeding for more eggs until the time is approaching when he 
will believe that it is all humbug. The situation is, indeed, con- 
fusing. This is because the various theories that have been and 
will be developed are necessarily attempts at reducing the 
available facts to order. They should be regarded as rc])orts of 
progress and ’subject to revision. Theories, however, are ex- 
tremely useful, because they stimulate further investigation 
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and add n^v facts and new points of view. Pearl’s theory has 
been \-ery valuable, because it has drawn attention to the im- 
portance of the male’s influence on the egg production of his 
daugliters. Tliat inliuence is demonstrated, even if it is not all 
important as it seennai at first. 

Fortunat(dy, in spite of the confusion of theories, there is a 
solid basis of fact on which the poultryman may proceed who 
wishes to improve his egg production through Inneding. Pearl 
and Dryden liave slu)\vu that flock egg production is increased 
by .suitable methods of selecting and testing the breeders. 

We, too, find that sehaition gives results. The metliod of 
selection, moreover, is so simple that anyone can use it who is 
willing to us(‘, trap nests and keej) the necessary reeords. d’hc 
es.senlials of the method are these, a.s.sumiug. that the start is 
made witli uipmdigrecd stock, First, the stock must be per- 
fectly sound and vigorous. Hecajiul, select breeders that ecpial 
or exceed some definite num]:er of eggs and mate them to the 
stroTigest males available. Third, put only strong (but not 
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Resum ido por el aiitor, William Barri Kirkham. 


El destino de los rat ones ainarillos homozig6ticos. 

Un estudio completo y detallado del desarrollo de los 6vulus y 
embriones albergados en hembras de la \mriedad amarilla piira, 
(juc han terminado la lactancia y estan sanas, y han sido aparea- 
das con machos de pelaje del mismo color, efectuado durante el 
intcrvalo (jue transcurre dcsde la ovulacibii al parto, y una com- 
paracidn de los estados hallados con otros seinej antes en ejem- 
plarcs do la misma edad pero de ratones blancos de las mismas 
condicioneSj ha revclado una exacta semcjanza en am bos casos, 
con la excepcibn do (|ue on los ratones amarillosesunhecho nor- 
mal cl enconlrar por lo menos una blastula en cada serie de em- 
briones destruida por fagocitos despues de haber inducido un 
hinchainiento y proliferacibn do la mucosa utorina. En los ra- 
tones blancos y sanos no ha obscr^\ado el autor semejante fen6- 
uumo. El mimero de embrioiies destruidos de este modo en los 
intones amarillos correspondc con la expectacion mendeliana para 
los ratones nmarillos homozigbticos, y la conclusibn general es 
((ue las bitistulas fagocitadas tlurante la implantacion, en las hem- 
bras de dichos ratones. son los embriones de los individuos homo- 
zigbticos de dichos aiiimales. 


Translidioti by Jos6 F. Xonidez 
Columbia University 
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THE FATE OF HOHOZYCIOVS YEIJ.OW .Mid': 

WILLIAM B. KIRKIIAM 

Oahorn Zoological Lahoratoru, Yale U nicer, ^itij 

TWO FKiunr:^; 


ix'i'RODrr’nox 

Tho faihirc of breodors and investigators to olitain any lioniozy- 
goiis yellow mice and also the obseiAanl smaller :i,\'(‘Vag<‘ lidiTs 
bom to yellow parents (Ouenoi. ’()“>: (\istl<* and Little, MO) in- 
dicated the advisalhlity of attacking this jiroblem from the 
embryological side, a conclusion justiilial by the satisfactory 
outcome shown below. A ])reliminary m^^ort on thi' present 
research was made before th(' American Socidy of Zoologists 
in iOUi, published as an al)stract in tlu' Anatomical U(‘cr)rd of 
the following year. Siin^e then Ibsen and SteighnkT (’17) have 
published the results from a somewhat similar ])i(M‘e of work, 
but limited to embryos from femak^s thirteen to nin('t(‘en (l:i,ys 
pregnant; the details of this paper will bis consideri'd in connec- 
tion with those of the present investigation. 

AXAI.YSrS ()]' IMtOttLl'^M 

White mice, and probaldy other mammals A-onipare Miwer, 
T7), encounter two eris(s in their lira's (‘ven before they are born, 
the first occurring at the time of implantation in tla* wall of tho 
uterus, and the second at parturition. Lo^s of Iiomozygous 
yellow offspring at parturition would, if it took place, Icivi; Ixam 
observed l)y previous investigators, and tlicir failure to nx’ord 
either still births or moribund young a< regular oecurrenecs 
after yellow matings is supportfid by th(‘ findings of the present 
writer. There remained, therefore, the crisis at the time of 
implantation as a likely key to the yihow-mouse problian. 
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The mouse ovum leaves the ovary with a supply of food ma- 
terial sufficient, with what serous fluid is available for absorp- 
tion in the fallopian tube and uterine cavity, to maintain its 
metabolism during fertilization and subsequent cleavage, through 
the formation of a blastula. These various processes appear 
to involve very stable mechanisms, for although in mice of all 
colors a small number of eggs are eliminated immediately after 
ovulation through inability, or accidental failure, to unite with 
sperm colls, eggs which have been fertilized and yet are so patho- 
logical as to have had development brought to a standstill be- 
tween the stages of fertilization and implantation are very rarely 
seen. Implantation, on the other hand, evidentlj^ involves a 
much less stable set of factors than does cleavage, since in white 
mice counts of thirty-four sets of cleaving ova and of blastulas 
average more than se\^en individuals to the set, while thirty- 
three litters of new-born young obtained during the same period 
from mice living under identical conditions and of the same 
stock averaged less than five. Further evidence for the above 
statement is the fact that the writer’s stock has never yielded 
a litter of more than nine young, Avhile one set of ten cleaving 
eggs, another of thirteen, and a set of eleven blastulas have been 
found, and, as will be again stated later, in mice other than 
yellow, degeneration of embryos after implantation is rare, and 
wlien it occurs is due in mo^t, if not all instances, to infection. 

Many unsolved problems remain in connection with implanta- 
tion, but there exists now suffi(uent e\udence to render certain 
the existence of tAVO distinct sets of factors, one maternal, the 
other embryonic. The Avork of Fracnkcl and (?ohn (TO), Loeb 
(’OS), Marshall and Jolly (TO), and others has shoAvn that the 
corpora lutea are responsible for a stimulus which causes the 
uterine mucosa to proliferate, a necessary process antecedent 
to the implantation of the blastulas. Adler (T2) and the Avriter 
(Kirkhain,T8) have also proA'ed that Avhen lactation is in prog- 
ress the manunary glands exert some sort of inhibitory in- 
fluence upon both the stimuli reaching the uterine mucosa from 
tlie corpora lutea and those coming from the blastulas. The 
stimulus from the mouse blastula causes first a further SAvelling 
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and proliferation of the cells of tlie uterine C(uuu'Mive tissiie, 
followed shortly by the dissolution of both these (‘ells and those 
of the overlying epithelium, thus supidyiiig food for tlu' iMolwyes 
and effecting a closer union betweem the embryonie and malernal 
tissues. 

It is still unknown why in large sets of blast ulas not all b('- 
come implanted, but the writer has seen no evid(MU‘(‘ in 
white mice of morphological defects in any memlnTs of such set-, 
prior to implantation, and it more lik(dy depiuids on (dther physio- 
l( 3 gical deficiencies present in individual ease's, on a tiiiu' factor, 
or on these two factors acting togidluT. All the blast ulas of a. 
set do not reach the uterus simultaneously, nor do tlaw :dl im- 
plant at the same moment, and it is conceivable that tlu' (*ou- 
ditions are such that as the separate blast ulas im])laut, the uterus 
offers an increasing resistance to thos(' n'lnaiiiiug free'. AVhat- 
ever the cause, it is at least certain that in normal mic(', otluT 
than yellow, the blastulas that are unabh' to imjdant fail to 
arouse the specific- response from tlu' utcTiiu' wall, soon Ix'coine 
moribund and are phagocytized. 

Once implanted, mouse embryos of all colors ap])('ar w('ll abk* 
to meet the demands of development up to th(' time of pai- 
turition, and the few instances of dead implant ('d ('lubrvos sc'cn 
by the writer and those designated ‘W ('luinyos hy Il)S('n and 
Steigleder (’17) are almost certainly due to pathog(‘oi(* conditions 
in the maternal tissues. When such coiulilious ar(' ('xtn'tne, an 
entire litter may die in utero, while h!ss (■riti(’ally adv('rs(‘ (ii- 
vironments will cause the death of only tlu' l(‘ss resistant (*m- 
bryos, for before, as well as after, birth they are iiidividualiz(Hl 
organisms. 

At the time of birth the second crisis occurs, and fe(‘bl(' mouse 
embryos of all colors which have succ(H'd(Kl in n'aching this cru- 
cial stage in their lives succumb to the dillicultics inhcTcnt in the 
transition from a parasitic to an independent (*xist('nce- 
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OBSERVATIONS 

The yellow-mouse material used in this investigation consists 
of complete series of sections of ovaries and fallopian tubes 
from healthy, non-suckling females representing each of 
the first throe days of pregnancy, and like material, Avith the 
addition of entir(i ut(n’i with all contained embryos for each day 
of pregnancy from the fourth to the twentieth. 

There were also available four sets of preparations from sickly 
females. As a control there were full sets of similar material 
from healthy, non-suckling white mice, and serial sections of 
seventeen dcgtaicrating white-mouse emlDryos, at least sixteen 
of which came from sickly females; all of these Avhite mice 
cenning from lines which had been subjected to cross-breeding 
with those of other coat colors, and found to be without the 
factor for yellow. The details of the yellow-mouse material 
are set forth in table 1. 

The time of ovulation, with respect to previous parturition, 
the time of fertilization, rate of cleavage, and lime of implanta- 
tion are the same for all mouse ova, whether whites, homozy- 
gous yellows, or heterozygous yellows, and the number of cleav- 
ing eggs, morulas, and blastulas found in individual yellow 
females falls within the same limits as found in white females, 
thus disposing as mathematically im'alid, of any theory that the 
missing homozygous yellows are to be accounted for on the basis 
of I he failure of eggs with the yellow factor to undergo matura- 
tion or ha-tilization. The two-cell stages examined all appear 
normal but by the time the eggs liaA^e reached the morula stage 
in y(‘ll()\A mice certain ones show abnormalities, thus one of the 
monilae in set Y 40 has very indistinct cell boundaries. Ab- 
normal blastulas can be distinguished easily by their shrunken 
appearance, the cells in sucli cases being small and crowded, and 
the blastodermic vesicle smaller then normal (fig. 1), Never- 
theless, those abnormal individuals w^ere alive at the time of pres- 
eiA'ation, and it is not until they are due to implant that they 
begin to plasinolyze and are overwhelmed by phagoc}des. 
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utt tickl'd bcfoi'f* any otlu'r iiuanlx^s of the sets had started to 
iin])laiit . 

Swill as is th(' dt'^ti'iietion of a.hnoriiitil bhi>tuhi< aftta* tluw 
i'(‘acli tlu' iit<‘i'us, it i-- iifAaa’t in yc'llow ini(a‘ not s<» rapid 
a'- to prcA’eiit llieni from -('(‘veliii^ tli(‘ substaiici' which causes 
(h(‘ >w<‘lliii^ and pi'olileration f)f the uti'i'ine inucostL for this 
jiro(‘e>- takj's place in a iiorni:i.l inanm'r. tlu' <‘pitheliuin di>- 
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implant a t i< Ml sni^<' \\ [lilr i iie iitcrim' (‘]»jl lii-liiim mail’ 1 Ins nljiioiatial i n< livid - 

tial is St id intact . I he tifiyliLni'int: ;;i"t'(isa is much swuHcii, 'FIh' scciii)ti drawn 
]iass{'s 1 hruuyli I he middle nt t hi’ hlasl iila . hut t lie tae it v is small and sn ]* nail cil 
w ith re>[)ecl I o l In' plane of se<'l imiiiiy t hat it is mejely indieated ))\ t he liiihter. 
emit ral a n-a . 'i'hrei' ittv.adiliy phayeey 1 es are slam li I'r, .and several n( het'" a)i- 
[lear in ad'ouiiiiy sect inns. (iOd. 

appears, tin' lunu'u of tin' utt'rus is elostnb and all this u;o('s on 
t'vt'ii thouiiih the bhistiila itsi'lt is bian^ ra])idly dis-^olvt'tl. ihis 
is in niarkt'd contract to tin' fati', uu'iitioin'd abovtn of ttbnor- 
nial blastnhM in In'altliy non-yeUt)\c iriice, which ptd’ish \vitliont 
effeetiu^ the utcriue reaction. Ibnvever. the same \iheuon\em>u 
th‘ a normal, fully prt't>aretl imthaulation site with no trace of 
eininwouie cells likewist' oeenrs in a})out oO per {'ent of tin' pri'p;- 
iiaiit white feniah's examined. M'hh'h had eitln'r produei'd still- 



1 itK I'Ai’i'. oi' noMo/,vi;ors v I'.i.i.ow Miri'. 
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l)irtl\s i)V lunl ('Mtvn thr youn^ :ii ilu‘ linu' of Hit' irn'i-tHimv p;,,-- 
tiirition. An iut(Mi:'i\(' >tiuly oi snch t'x:unpit's fmiir huih vrl- 
tnw and whilt' mici' ha^ failnl 1o ivvi'al any ditlnviH-r^ In'twim 





I'is.'.'' - it'oiii I lie -jiii" mi h- ilir i>ii> in livtiin I. 

riiO iiidiviiisint <)i'Vrliiji<'il I’ni'i jii'i' iIimii ilif nur ilino mlMi .'iliuvi'. 

(IS wnll :i> ninrc [idMlinl in fn;-|ii, mnl I'mllici in'A.ini l !n|j!:i!i1 nl inn . 

liaVn oVrrwhchi ic*! Mlic j)(ilc, nini :ii l 1 1 ,.- r-cll- "! t In i>l:iO ili;i .ifi' nii'lc)’- 
ifniiiN; cyl tily- i,-'. .• j!(l 

Hu'un in liolh kiu<is llu' utni'iiic Ininon roinaiii' cloHni niiiii 
Hm lifti‘(‘nHi da}' of <i;(*>lat!oii, allliou^h Hie di-'inncd I'liitln'lnnn 
is r<^g(ai(‘'i’at('(l a da\' oi' two ta'foi'o llii'. No ' wandoi'ing’ n-lN 
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appear in these speeiiaeiis, wliich offers some additional support 
t(j the Htal(‘m(‘nt of Asai (d4j that this type of cell is embr 3 "onic 
ill origin. 

The similarity in the histological details of the a])sorbed em- 
bryos in white and in yellow mice might be taken to prove the 
identity of the underlying causes in the two cases, but the as- 
sociatinl facts ttmd to modify any such view. The degenerate 
lanbryos from white h'lnah's w(*re obtained, with possibly one 
(‘xception, from animals which w(Te more or less pathological, 
and the oiK' possibh‘ {‘xc('pti(m is (piite likely not such, as the 
preceding litter in that instance^ was n* moved at birth and other- 
wis(‘ might not hiivv. survived for long. Thus in white mice 
the absorbed (aiibryos might all be accounted for on the basis 
of pathologic iitiahu' environment which selectivity disposed of 
th(‘ weaker nu'inbcrs of the sets of blest ulas, the set mates sur- 
viving. Tlie same factor may be present in all yellow females, 
but in these animals, instead of the unfavorable environment 
being abnormal, we should have to assume, on account of the 
imivej’sality of the jjhenonHMion, that it is actually a normal 
correlation with yellow coat color, an assumption further sup- 
j)orted by the marked tendency in yellow mice of both sex(‘s to 
bdiu'ss a,nd st(>rility at a n'hitively (‘arly ago. This matter will 
be sul)jected to further investigation through a projected study 
of till' non-y(41ow orfs])ring from yellow matings whicli, if tlie 
ab(»ve assumption is correid, should be differentiated in genera! 
vitclify from control animals, offspring from non-yellow parents. 

Ihmmtal abnormality, however, cannot account for all the 
facts connected with the failure of homozygous yellow mice to 
he horn, and w(' must further assume an inherent weakness, or 
let lull factor, in all the homozygous vcllow embryos which 
iiivarialdy brings about their destruction during implantation, 
while tlu'ir fellows in the same o^'ulation and environment, but 
emlowed with factors associated with a different coat color, im- 
plant and develop normally. 

T[u‘ assumption is warranted that the degenerate embiyos 
found regularly in jn'eguant \t11()w mice mated with males of the 
>ame coat ('olor are the missing homozygous animals, for their 
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occurrence agrees numerically with the requirements of such a 
case, but a definite proof that such an assumption is valid must 
await future experimental inquiries. If it is possible at some 
future time to transplant the ovaries from a yellow female to a 
mouse of another coat color, it is conceivable that a subsequent 
mating with a yellow male might, under the assunuHl more 
favorable uterine conditions thus obtained, produce viable homo- 
zygous yellows. 

The statistical evidence from this research is presented in 
table 2, where embryos less than three days old are omitted, 
owing to the failure of abnormalities to become evident before 
the morula stage. 

TABLE 2 


Showing percentage of degenerate embryos in yellow as compared to while mire 



TELLOTT MICE 

WIOTE UtCK 

Total sets of embryos from healthy non-suckling 



females 3 to 20 days pregnant 

21 ' 

26 

Total normal embryos 

94 

189 

Total degenerate embryos 

39 

2 

Percentage of degenerate embryos 

29+ 

1.0+ 


The data show clearly that the degenerate embryos occurring 
quite regularly in healthy yellow females mated with males of 
the same coat color must be considered as of a quite dilTerent 
nature from those occasionally found in white mice, for the latter 
are found almost only, if not invariably, in unhealthy females. 
The evidence thus strongly indicates that the former are the 
missing homozygous animals. The proportion of degenerate 
embryos in normal yellow females is, including additional material 
obtained since the publication of the preliminary report,’ 29 f 
per cent, which is but little higher than the Mendelian expecta- 
tion of 25 per cent, and is quite within the limits of probability 
when the total amount of the material is relatively small. 
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CONCLUSION 

■ Three points stand out in a survey of the results attained in 
this investigation. 

First, all mouse embryos encounter a crisis at the time of im- 
plantation of the blastula in the wall of the uterus, and in un- 
usually large sets of blastulas one or more appear always to 
perish at this time without producing any uterine reaction. In 
healthy mice other than yellows, however, those blastulas which 
induce a swelling of the mucosa uniformly complete their im- 
plantation, while the blastulas resulting from yellow matings al- 
most always lose at least one of each set after the mucosa has 
reacted, 

Second, apart from this loss of certain blastulas during im- 
plantation, the embryonic and early postnatal history of yel- 
low mice is exactly the same as that of mice of other coat colors. 

Third, the evidence that the blastulas lost in yellow females 
during implantation are the missing homozygous yellow mice 
consists on the one hand of the absence of any like phenomenon 
in healthy white mice, and on the other hand of the statistical 
correspondence of the percentage of embryos so lost with the 
Mendelian expectation of homozygous yellows. 
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Resumido por el autor, Carl R. Moore. 

Sobre las propiedades fisiol6gicas de las gonadas como reguladores 
de los caracteres somi,ticos y psfquicos. 

L La rata. 

Un estudio de las modificaciones que siguen a la gonadectomfa 
en las ratas j6venes y el transplants ulterior de la gonada opuesta 
en cada animal (repeticidn de los experimentos de Stemach), 
demuestra que los efectos aparentes de tal experimento no son 
tan marcados como podria esperarse despu4s de leer las comunica- 
ciones de Steinach. Es muy dificil demostrar la presencia de 
cambios somdticos debidos en absolute a la presencia de la glan- 
dula transplan tada. Bajo el punto de vista psfquico los resulta- 
dos son mas definidos, Los machos jdvenes han sido transfor- 
mados aparentemente en hembras tan tipicas que el instinto 
maternal de protejer y criar a los pequenos puede notarse in- 
mediatamente. Las hembras jdvenes han sido tambi6n trans- 
formadas en machos hasta tal punto que se conducen psiquica- 
mente como tales y los imitan, de una manera muy exacta, en el 
acto de la c6pula. Los cortes histol6gicos de los ingertos demues- 
tran que el ovario ha persistido aparentemente funcional, mien- 
tras que el testiculo ha sufrido cambios marcados que conducen 
a la destruccidn de los espermatocitos y espermatozoides. 


Translation by Joe4 F. Nonidcs 
Columbia University 
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ON THE PHYSIOLOGICAL PROPERTIES OF THE 
GONADS AS CONTROLLERS OF SOMATIC AND 
PSYCHICAL CHARACTERISTICS 

1 . THE RAT 
CARL R. MOORE 

Hull Zoological Laboratories, University of Chicago 

FIVE PIGURE3 

In several papers during the past few years E. Stcinach has 
described many changes occurring during the development of 
mammals, both of a Somatic and of a psychical nature, which 
he affirms are due. to a secretion of the sex glandA He reports 
that an ovarian graft in a completely castrated young male rat 
or guinea-pig will so modify the subseciuent development that 
the animal becomes somatically and psychically a female. These 
animals are proportionately lighter in weight, shorter in body 
length, hair smooth and fine, and pelvis smaller than that of 
males of the same age. Also these ‘feminized males’ react more 
like females than males (more docile, absence of male instincts 
toward female rats, reactions toward young characteristic of 
that of a mother). In guinea-pigs growth of the mammary 
glands and milk secretion was also reported. In the reverse 
experiment, i.e., if pieces of testicular tissue are grafted into 
completely spayed young females, the animals become mascu- 
linized as maturity is reached; they resemble males instead of 
females both somatically and psychically. 

Steinach supposes that a secretion from the interstitial cells 
of the grafted testis and ovary in each case is the controlling 
factor since the secondary characteristics of the opposite sex 
do not appear unless the implanted gonad obtains vascular con- 

1 See Steinach, ’10, '11, '12, '13. 
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nections and remains in a living condition after the transplan- 
tation. It is thought the modification is affected by a hormone 
produced by the interstitial cells, that its action is a chemical 
one, and that it may sensitize the nervous system to react in 
a new capacity. 

These results have been criticised severely by many investi- 
gators, and to the writer's knowledge the observations have 
not been corroborated in other laboratories. In regard to criti- 
cisms the following annotation from Lancet (vol. 193, no. 18 
of ii 1917, p. 687) is of interest: 

It is a drawback to the experimental method, as practised on lines 
of Baconian induction, that anyone may make a few random experi- 
ments and with the results lay some sort of claim to general attention. 
Hence we should preserve a carefully critical attitude towards claims 
to medical discovery until some circumstance evinces the likelihood 
of some truth in them. Lately (Zeitschrift fiir Sexual wissenschaft, 
Aug., 1917) the physiological work of Steinach, Foges, and Lode has 
come in for repeated discussion. Steinach described having changed 
the sexual disposition of small mammals by implanting, as the case 
might be, an ovary into a young male or testicular substance into a 
young female. When the necessary operations were successful the 
treated animals in their behavior showed reversal of the natural con- 
ditions, males attempting to mate with males and females with femaUs. 
But (a very important point) such was the case only if the young 
animal so treated had been first deprived of its own primary repro- 
ductive gland — i.e.-, if it had first been castrated or spayed — other- 
wise the implantation had no feminizing or masculinizing effect. It 
was, in short, as though a clear field was necessary for the exogenous 
influence. Around these findings the theory has been constructed 
that the products of testicular and ovarian secretion — that is the 
specific reproductive hormone of the two sexes — are sharply antago- 
nistic the one to the other. Their effect on the brain, from which the 
sexual impulse proceeds, is described as an ‘erotising’ one, in the 
direction of masculinity or femininity respectively. The mode of action 
is supposed to be bio-chemical. The conclusions want more evidence 
to back thera.^ 

It was during the process of some studies on sexual modifica- 
tion in rats and guinea-pigs that Prof. F, R. Lillie suggested the 
desirability of repeating Steinach^s experiments. To Doctor 


* The article referred to has not yet been obtained by the writer; possibly 
it has not reached this country. 
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Lillie I am greatly indebted for many suggestions, abundant 
material; and a constant interest in the problem. The results 
agree, in some respects, with those of Steinach, but are not so 
far reaohing as might be expected. This paper contains an 
account of the observations made on the white rat; a report of 
similar experiments on guinea-pigs will follow later, as the obser- 
vations are not yet complete. 

MATERIAL EMPLOYED 

The white rat (Mus norvegicus) was used for the ex]ieriments 
and the operative procedure described by Steinach has been 
repeated almost exactly. It appears, however, from differences 
to be noted later that Steinach must have employed a slightly 
different strain of rats than those used in these experiments. 
Animals of the same age and almost invariably of the same litter 
were selected for the cross transplantations. The method was 
as follows; A brother and a sister rat were etherized at the same 
time, and after operative conditions were observed the peritoneal 
cavity of each was opened.^ The ovary, after removal and 
sometimes accompanied by small pieces of oviduct, was (Mit in 
half with scissors to aid in the establishment of a vascular con- 
nection. A piece was placed on either side of the mid ventral 
line of the male between fascia and the abdominal musculature 
or imbedded more deeply in the substance of the muscle. The 
genital 'cord of the male was severed above the epididymis and 
both testes removed. Pieces of these were similarily placed in 
the body of the females and the muscle layer with peritoneum, 
and the skin were sutured separately. Usually a slight injury 
of the fascial layer of the external oblique muscle as well as Ihc 
corium of the skin w^as made with the point of a knife to aid in 
the establishment of a vascular connection. 

Aside from the homoplastic transplantations with complete 
removal of the normal gonad, some of the animals were mendy 
castrated and spayed without subsequent transplantation ; also, 

* The abdomen was shaved, treated with Lugol'a iodine and alcoliol, instru- 
ments sterilized in carbolic acid solution, and the table covering, towoi.s, gown, 
etc., sterilized. 
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several cases of homoplastic transplantation were made in 
which the normal gonad remained undisturbed. Parts of fifteen 
to eighteen litters were used in the experiments, comprising 
over fifty operated animals. All cases of grafting were not suc- 
cessful, and a few animals died before their mature condition 
could be. studied, but the successful cases were sufficiently dis- 
tributed to afford a wide range of conditions for study. It has 
seemed advisable to give in detail the history of one litter and 
allow this to serve as an example of the general conditions in 
such experiments. This litter fulfills very adequately the con- 
ditions sought from the fact that the transplanted gonad ob- 
tained vascular connections and persisted in each operated 
animal. Furthermore, there is need for constant comparisons 
between operated animals and the normal ones under similar 
conditions. The one litter eliminates such ordinary differences 
as age, number of rats in litter, age of mother, hardiness, etc., 
and since the conditions are the same separate histories will not 
have to be repeated. 

The litter (no. 6, AIBI) was born September 22, 1917, and 
consisted of four males and six females. Operations were carried 
out at the age of 25, 28, and 35 days, and all were cases of homo- 
plastic transplantation with complete removal of the normal 
gonad, i.e., ov^ies were removed and pieces of testis placed sub- 
cutaneously and vice versa. Of the ten rats in the litter trans- 
plantations were made on three males and four females ; unfortu- 
nately, however, one female escaped from the cage within three 
days after operating, which left three castrated males containing 
transplanted ovaries and three spayed females containing trans- 
planted testis, one normal male and two normal females as 
controls. On November 12, 1917 (51 days old) these were 
so marked that each one could be recognized and each was then 
given a number making possible a complete and separate record 
of each individual rat during the course of the experiment; the 
experiment was terminq^ted June 3, 1918, at the age of 254 days. 
At that time the rats were killed and the grafts preserved for 
cytological study. Since the different rats will be treated in- 
dividually, the following numbers will serve to identify them: 
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Litter 6 AlBl 

I. Spayed female with testis graft. 

II. Spayed female with testis graft. 

III. Normal female (control) 

IV. Castrated male with ovary graft. 

V, Castrated male with ovary graft. 

VI. Spayed female with testis graft. 

VII. Normal male (control) 

VIII. Castrated male with ovary graft. 

IX. Normal female (control). 

BODY WEIGHT AND BODY LENGTH 

It is unfortunate that the distinguishing somatic characters 
of the male and the female rat are not more sharply marked 
than they are. However, the studies of Stotsenburg (’09, ’12, 
’13), King, and others^ show that within certain limits the growth 
curves (body weight) and the body lengths normally afford 
criteria for a distinction between the two sexes. Steinach hsa 
placed considerable emphasis upon these weight and body-length 
relations of his feminized males and masculinized females as 
being indicative of maleness and femaleness. It is the opinion 
of the writer, however, that such slight differences in weight 
are but poor criteria of maleness or femaleness under abnormal 
conditions. It is true that the normal curve of growth for male 
rats is considerably above that for females, but it is decidedly 
unreliable to choose two or three rats at random and classify 
them sexually on the sole basis of weight; there is too much 
tendency for variation even among rats of the same litter for 
it to be reliable. Also a slight pathological difference may pro- 
duce a relatively great change in weight even though the rat is 
in apparently good health. Too many operated animals are 
required to make the factor a convincing one. But of more 
importance than this, perhaps, is the fact made known by Stot- 
senburg that early castration of male rats does not influence the 
subsequent growth curve, while early spaying of female rats re- 
sulted in an increased growth curve over that of the normal female 

* Complete references of work done on rats have been compiled by Donald- 
son in a book 'The Rat' (Memoirs of The Wistar Institute of Anat. and Biol., no? 
6 , 1915 ). 



142 


CABL R, MOORE 


of 17 per cent, 24 per cent, and 30 per cent in three lots observed. 
The tendency of growth in the total absence of gonads would 
then be to equalize the weight of the two sexes, but whether 
this condition would actually be realized is uncertain. At any 
rate a spayed female with grafted testis would increase in weight 
above tl\e normal for females not because of the testis, but 
because of the absence of the ovary. These factors alone would 
tend to make the weight of an animal a very unsatisfactory test 
of malenSss or femaleness. 


TABI.E 1 


ANIUAL 


06 

days 

> 80 
oa ys 

108 
Da Y8 

138 

DAYS 

165 

DAYS 

192 ; 

DAYS 

i 

1 261 
i days 

BODY 

LINOTH, 

! AGK 

261 DAYS 

1 

1 

Female with testis 

grama 

75 

jrams 

92 

119 

gram^ 

137 

■ grams 

149 

^ grams 

143 

grams 

165 

’ 18.0 

II 

Female with teatia 

Do 

93 

128 

158 

179 

177 

157 

1 17,5 

III 

Female (normal) 

95 1 

99 

127 

147 , 

125 

133 

145 

18.0 

IV 

Male with ovary | 

80 ! 

99 

137 

158 i 

173 

164 


i 

V 

Male with ovary 

97 

106 

133 ' 

150 

159 

160 

180 

18.5 

VI 

Female with testis 

88 

92 ; 

124 

159 

177 

172 

185 

18.5 

VII 

Male (normal) 

102 

109 1 

130 j 

16G 

180 

190 

235 

20.5 

VIII 

Male with ovary 

89 

104 ! 

138 1 

IGO 

168 

166 

193 

19.25 

IX 

Female (normal) 

100 

99 

125 

195 

132 ^ 

160 

175 

17.5 


^ No. killed at age of 238 days. 


Many factors also enter in that tend to discount the apparent 
specificity of length as a determinant of sex. Stotsenburg’s 
early spayed females were found to increase in body length over 
that of the normal females. Here again, if these animals had 
possessed transplanted testis their increase in length could not 
be considered as a result of the secretion of the testis, but rather 
of absence of the secretion of the ovary. Nevertheless, to ob- 
tain Avhatever evidence possible a careful series of weights has 
been kept on the litter in question and is given in table 1. At 
the termination of the experiment the total body length of each 
was recorded.^ 

* The length of the body and tail, often employed, could not be accurately 
Measured, as a small piece of the tail had been removed from some of them as a 
distinguishing mark for those individuals. 
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Thus it will be realized that these physical factors (weight and 
length) are very poor barometers of the conditions here repre- 
sented, that of an intersex condition. If, for instance, rats V and 
VIII (males containing growing ovaries) be compared with 
VII (a normal male), those containing the ovaries are both lighter 
in weight and shorter in body length than the normal male, but 
do not fall to the level even of the heaviest female (IX). We 
may perhaps, with all justice, refer this decrease to th(^presence 
of the ovary. Also if the females containing testis tissue (I, II, 
and VI) be compared to the mean weight of the two normal fe- 
males (III and IX) there appears, only in case of rat VI, an in- 
crease in weight which by no means approaches the weight of 
the normal male; and had only female IX been used as control 
there would be an actual decrease in comparison of I and IX. 
The former (I) having had the ovary removed should have been 
heavier than the latter (IX) which had ovaries present.® The 
question also arises whether we should refer these weight modi- 
fications to a variation in the intensity of the sexual condition, 
or whether they may not be merely the result of disturbances in 
the regulators of metabolism which we know may produce vari- 
ations. It may be possible that the elimination of some secre- 
tion of other glands may affect the final result as well. If this 
were true, surely we could not consider this secretion as a factor 
in determining the sexual condition of the animal. 

Weight and length are then very unsatisfactory criteria for 
determining the changes associated with cross transplantation 
of gonads. 

HAIR, MAMMARY GLANDS, SKELETAL CHANGES, FAT DEPOSIT 

Steinach has used a few other criteria as tests for the result of 
the sex hormone (Pubertatsdiiise) in its powers of modification, 
but the writer also finds it impossible to consider these as valid 
support for the h3q)othesis. 

® Some experimeats under way at the present time indicate a potential weight 
difference in the two sexes that appears to be independent of the gonad. Even 
though these experiments are not yet complete, the indication is that early spayed 
female rats, though they increase in weight over that of the normal females, do 
not reach to the height of the growth curve of the castrated males. 
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It is possible that the differences of the male and female hair 
coats of Steinach^s rats were more pronounced than in the strain 
used in these experiments.^ It is true that a slight difference can 
be noted in normal healthy white rats of the same age. The 
male hair coat appears slightly rougher, the hair being a little 
more coarse than that of the female; this in a general way gives 
a softer, smoother appearance to the female than to the male. 
But this^lso is subject to so many variations that it is decidely 
unsafe to use it as an indicator. The variations at different ages 
are considerable, and a slight metabolic disturbance also gives 
entirely different appearances to the hair. Numerous instances 
have been noted in which the female coat was rougher in appear- 
ance than that of the male. Indeed, the writer has often found 
it entirely impossible to choose the males and females from a 
cage of normal and apparently healthy mixed rats by this means 
alone. This being true, it would be entirely impossible to note 
the changes in an intersex condition and to place properly these 
changes as quantitative determiners of a modified sex condition. 
If one were a decided advocate of the idea, it would be a simple 
matter to record differences that would support the hypothesis. 
It is possible, however, that Steinach^s material showed greater 
differences than the rats used for these experiments. 

In relation to mammary glands Steinach havS already pointed 
out the fact that rats offer very poor material for study of their 
changes. The primordial teat is not produced in the male so 
that little influence from the implanted gonad upon the primor- 
dial mammary gland can be seen.® 

Steinach (T2) has reproduced radiograms of feminized male 
rats to show the difference in size of the pelvis between these and 
normal or merely castrated male rats. These radiograms show 
very clearly the comparatively small size of the pelvis in femin- 
ized rats, but they also show, to a like degree, the reduction of 


^ Steinach seems ta have used partly wild ratSj partly tame (white) ones, and 
crosses between these, 

* Guinea-pigs afford much better material for study o£ possible changes in the 
mammary glajid due to internal secretion of gonads; experiments are now under 
way on these animals and will be reported at a later date. 
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all the other bones in the body. No x-ray examinations of the 
pelvis of the modified rats have been made by the writer, but it 
appears that probably these characteristics, also, are not specific 
nor distinctive. In a rat of smaller size one would naturally 
suppose that the pelvis would be smaller as well as all other bones 
of the body. And it would seem probable that the condition of 
intersex, as one encounters it in these cases, would present the 
same difficulties for discrimination as w’ould weight, length, 
hair coat, etc. 

The fat deposit featured by Steinach is a poor indicator of 
sexual conditions. It is generally true that the tendency for 
fat accumulation in the normal female rat is more pronounced 
than in the male. For this to be constant even in the normal 
condition presupposes a continued, uniform metabolic condi- 
tion. The question of intergradations in sex again arises as well 
asrthe difficulty of recognizing the quantitative amounts of the 
fat deposit. To illustrate from this litter: Jtais 1 and \'l showed 
a greater amount of fat deposit tlian did rat no. V'-' hut the two 
former rats possessed implanted testis,'^ while the latter ])ossessed 
the implanted ovary, and the fat deposition should have been 
reversed. Rat VIII, on the other hand, posse.ssed more fat de- 
posit than either I or VI, which should be the case if only t he. 
implanted glands were to be considered. Tliis affords us little 
evidence for or against the assumption of a modification follow- 
ing implantation of the corresponding sex gland. 

OBSERVATION ON BKIIAMOH 

The behavior of these rats has given more evidence to sup[)ort 
the idea that the sex gland regulates tin; characteristics of the 
animal than any other set of characters which has Ixxm obs(;rved, 

A. Feminized jiiales 

These behavior observations were carried out both while the 
animals observed were in the cage with other members of this 

® The amount of fat was not actually dctcriiiincfl quantititivoly, but merely 
noted from macroscopic observations. 

For conditions of these sraft.s, see section on microscopic observations. 



146 


CARL R. MOORE 


litter and while separated for observation. It is beyond ques- 
tion that the early castrated male rats which have received im- 
planted ovaries display a maternal behavior towards the young. 
The two normal female controls (III and IX) gave birth to lit- 
ters of young during the course of the experiment and often the 
mother with young was allowed to remain in the common cage. 
It was repeatedly observed that the feminized male rats would 
enter the nest with the mother or without her, would nestle the 
young add repeat J^actly the behavior of the mother when the 
young attempt to suckle. If the litter is a large one and the 
young from seven to ten days old, the mother will assume a 
peculiar position to enable the young to suckle; the abdomen is 
arched and both the fore and hind-legs are widely separated as 
the young wriggle around underneath in search of teats. The 
reaction is quite characteristic. This reaction was displayed 
absolutely typically by the feminized males. The normal male 
rat and the masculinized females are seldom if ever, seen on or 
near the nest/^ and apparently they take no interest in the 
young. The following observations from the note-book will 
illustrate the phenomenon and its frequency: 

April 30, 1918. Normal female gave birth to litter of six young. 

May L Normal male and masculinized females had been removed 
from cage leaving mother and three feminized males. Feminized male 
V showed all apparent reactions of mother— persistently occupied nest 
of young with mother and apparently young were attempting to 
suckle, no teats developed, however, and young could not suckle. 
Fem. male licked* young, tucking same under him, when attempt to 
remove him from young would attack and bite. Evident mother 
instincts, would arch abdomen for young to attempt to suckle. Prof. 
Lillie sees behavior. 

May 2, Observed several times during day (normal male now in 
cage), feminized male IV several times on nest with mother — it lies 
down with young allowing them to search for teats, arching abdomen 
as they work around in search of teats. Normal female (mother) had 
to he across body of fem. male to get to young, three suckling mother, 

The cage iu which the litter was confined was 26 x 18 x 12 inches, made of 
galvanized wire, sides and top, and a movable bottom. The nest was made 
from paper tom up by the mother and placed in one corner of the cage. When 
the mother leaves the nest, especially during the earfy life of the young, she 
almost invariably covers it with small loose^jieces of paper from the edge. 
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three attempting to suckle fern, male, remained so for forty-five minutes 
changing position slightly if disturbed but immediately lying down again 
with young searching around underneath. If young arc displaced from 
nest— mother immediately pioks them up in mouth and ret urns them to 
nest— fern, male not observed to return them to nest but allows them 
to remain at the edge where placed. Normal male never seen in nest 
with mother when latter is suckling. 

May 6, 2 p.m. Fern, male IV found on nest with young, on all fours 
with abdomen arched and young attempting to suckle. Thought at 
first was mother, reaction so characteristic, but examination showed 
mother away from nest. Reaction could not h^ve been different in 
mother, so characteristic, no question whatever as to appearance of 
same. Young of course could find no teats but were trying very hard. 
Best and most conclusive reaction yet observed. 

3.30 p.m. Feminized males V and VIII removed from cage leaving 
fern, male IV, normal male and mother. Mother on nest: IV ami 
n/male in corner of cage opposite nest, n/male almost invariably 
occupies this place and has never been seen to show any interest in 
young. 

4.30 p.m. All three old rats in end opposite nest, young covered. 

5.30. All three old rats in end opposite nest, young covered. 

6.00. Same. 

8.00. Mother and IV on nest, young attempting to sucl-ilt^ both, bolli 
removed from nest — n/male not near nest. 

8.30 p.m. Mother had covered young, all three old rats away from 
nest. 

9.30 p.m. Fern, male (IV) on nest with all six young und(*rnoath 
abdomen attempting to suckle, abdomen arched, legs spread, all 
young searching for teats; absolutely normal fenuile reaction. Mother 
and n/male away from nest, IV removed from nest. 

May 7, 8 a.m. Mother in nest with three young suckling, IV in 
opposite corner of cage attempting to suckle two young — nest had 
been torn up during night and one young one nestling und(;r n/inale 
but he showed no reaction to it and was only aslec'p. ■ Placed all young 
in nest with mother. 

11.00 a.m. IV and mother both on nest, mother suckling four 
young, IV covering two. Norm, male in end opposite nest. IV taken 
out of nest— five minutes later IV had returned to nest with mother 
and young, n/male in opposite end of cage. IV again removed from 
nest, and mother occupied it. 

11.45 a.m. Mother and IV on nest with young, one young under 
IV, n/male in end opposite IV removed from nest. 

2.00 p.m. Mother suckling young, IV and n/male in opposite end 
of cage. Mother removed from nest. 

2.40 p.m. IV on nest with young attempting to suckle, removed from 
nest, n/male in end opposite. 

3.15 p.m, IV on n^st with young, n/male in opposite corner of cage, 
IV removed from nest. 
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3.30 p.m! Mother on nest, IV and n/male in opposite comer. 

4.00 p.m. Feeding. 

5.30 p.m. Young covered up in nest — all three old ones away from 
nest. 

8.45 p.m. Same. 

May 8 a.m. 

8.00 a.m. Mother and IV both on nest, IV removed, n/male in 
opposite corner. 

9.30 a.m. Mother and IV on nest with young, n/male in opposite 
corner. Mother removed from cage, leaving in cage only fem. male 
(IV) and n/male. Ijf removed from nest. 

10.00 a.m. IV on nest with young, watched reactions for fifteen 
minutes with Prof. M. M. Wells. IV trying to suckle young— abdo* 
men greatly arched for young to get under, hind legs spread apart 
when little ones approach that region of abdomen from beneath, 
changes position slightly as young search from place to place for teats. 
Proclaimed by Prof. Wells as non-questionable maternal reaction. 
Young displaced from nest, IV replaces them — picks up young in 
mouth^suddcnly picking up one at a time carries four to opposite 
end of cage placing them at side of sleeping n/male whose reactions 
are wholly passive — young begin to crawl under him but he continues 
to sleep. IV covers remaining two in nest, remain so for five minutes. 
Young taken from under n/male and placed in center of cage, IV 
comes off nest, picks up all and returns them to nest, IV disturbs n/male 
apparently in search of young intrusted to his care, pushes him out of 
(‘(jrner. IV moving about cage— mother returned to cage. 

May 2‘2. Litter in cage 37 — cage contained normal male, normal 
female, two castrated males, two spayed females. 

Observed manj^ times daily for twelve days (until young would 
leave nest) never was normal male, castrated male, or spayed female 
seen near young which were in end of cage in nest made by mother. 
Were never seen to give any attention to young in period of twelve 
days observed. 


Two points in particular are established by consideration of 
such a set of observations, especially those made at intervals 
over a period of two consecutive days: .these are, 1) that the 
feminized male (in this case rat no IV) does not merely display a 
sporadic interest in the young rats, but that it is a continued 
interest and apparently as characteristic as that of the mother, 
and, 2) it gives not only a comparison of the feminized male be- 
havior and that of the mother, but it also brings to attention 
very forcibly the absolute passive reaction of the normal male. 
Also the series of observations continuing over twelve days fails 
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to reveal the slightest interest displayed by either spayed females 
or castrated males.^^ 


B. Masculinized females 

In order to observe better the reactions of the masculinized 
females, these were placed alone in cages for a day or so before 
subjecting them to the experiment. The various rats were then 
put into the cage and the reactions of the masculinized female 
noted. 

Practically any two strange white rats placed together in the 
same cage immediately show interest in each other, and whether 
they are two normal males, two feinalcs, or male and female they 
almost at once begin to nose around the external genitals of each 
other, and many times if they are both males a fight- begins. 
These reactions are general for practically all rats when placed 
together. But in case the two are a normal male and a female 
in heat, the act of -copulation begins immediately and, though 
of very short duration, may be repeated a great number of 
times.^3 But in all the writer's experience among the rats of 
the colony used (amounting to several hundred) he has never 
observed a normal female attempt to imitate the mah‘ in tin* a(‘t 
of copulation. One of the most, perhaps the most characteristit^ 
feature of the whole process of copulation in regard to tlu'. male, 
is that after each attempt almost invariably the male assuincjs 
immediately a position that allows him to lick the copuhitory 
organ before the next repetition. 

It is a very interesting fact that the masculinized female would 
attempt to imitate the male in the act of copulation in an ab- 
solutely typical set of reactions. Of course, no male copulatory 

The spayed and castrated rats of cage 37 wore at this time over six-months 
old and had been operated on at the age of about thirty days. These rats nor- 
mally would have been sexually mature. 

The males are not especially keen discritiiinalors, for if a female in heat is 
placed in the cage with several males the excitement is very great and repeatedly 
results in one male attempting to copulate with another. This attempt i.s also 
often made if a male is placed in a cage with a single male, cs{K!eiaIly so if a female 
in heat has just been removed frort^ the cage of the male. 
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organ ha<{ developed, but despite this fact, each time the at- 
tempt was made the masculinized female repeated exactly the 
male behavior by licking the normal position of the male organ. 
The following extract from my notes represents the type of 
behavior: 

May 29. Normal female in heat, placed in cage with masculinized 
female (rat I). Mr. F. L. Dunn and the writer watched four un- 
questionable attempts at copulation, each time masculinized female 
hcks region of penis of male, same as normal male reaction, though 
no penis is present. Not so enthusiastic as normal male, repetition not 
so frequent. Same normal female in heat placed in cage with an early 
spayed female on which no transplantation of testis had been made- 
no attempt at copulation. 

June S. Normal female in heat, placed in cage with masculinized 
female (rat I) — reactions perfect and characteristic of norm, male. 
Copulation attempted eight or ten consecutive times with only short 
intervals between attempts, masc. female entirely as enthusiastic as 
norni. male — each time licks external genitals as does norm, male, 
before next attempt. Normal female taken from cage for fifteen 
minutes, returned to cage again. Copulation attempted instantly, 
just as normal male would have acted. Copulation attempted time 
and time again, absolutely normal reaction. 

Spayed female without testis showed none other than passing 
interest toward female in heat, no attempt whatever to imitate act of 
copulation. Same true of old female, did not attempt to copulate. 

There is absolutely no question as to the occurrence of these 
reactions, for they could not be more characteristic had the fe- 
male in heat been placed in a cage with a normal male. The nor- 
mal female reacts also in an absolutely typical manner towards 
the masculinized female, just as she would have acted had the 
masculinized female been a normal male and capable of fulfill- 
ing the act of copulation. And it- is significant that, so far as the 
writer has observed, neither a normal female in the height of 
vigor, an old female, nor yet an early spayed female that had 
not received the testicular transplantation has ever been seen 
to attempt the act of copulation by assuming the idle of the 
normal male rat. 

It may be remarked that the only psychical reactions that 
appear to be of value to the writer are those illustrated above, 
those of the sexual reactions of one rat to another and the ma- 
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ternal behavior. Steinach has described at great length the 
docility of the normal female rat (does not fight, is easily handled, 
not so apt to bite or to resist handling, etc.), but here again the 
variations are too great to be of any practical value. Many 
females of this colony used are decidely more pugnacious than 
males. In several cases, these, after repeated handling would 
bite, scratch, and resemble any other tlian a meek and mild- 
tempered female, and at the same time the males show entirely 
as mild and even-tempered disposition as any female of the 
colony. 

As for the sex reactions, it is true that, in cattle especially and 
in some other animals, the females often attempt to imitate the 
role of a male; but among rats this tendency has, so far as known, 
never been observed. As noted above, female rats have becai 
placed in cages with normal females, early spayed females, and 
old females (each of these having been in isolated cages for 
some days), but in no case have they attempted to imitate the 
male. Aside from the general reactions exhibited by any two 
strange rats when placed together, th(^ reactions except in cas(?s 
of transplanted testis, have been negative. 

MI CROSC(U' ! CA L 0 1 iS 1 R A I O N S 

The litter from which most of the data for this i)a[)er has been 
taken afforded excellent material for these considerations on 
account of the fact, mentioned previously, that one or moi'c of 
the transplanted gonads were retained for the 225 days l)('tw(‘(‘n 
the time of operation and the termination of the experiment." 
The animals were killed with ether and the transplanted glands 
removed from the place of growth and development; the tissiu? 
was killed in Bonin’s fluid, sectioned, and stained with haema- 
toxylin and eosin. 

The young ovary successfully transplanted into a young male 
animal persists and undergoes its differentiation in quite a nor- 

^^The blood circulation in these transplanted pioceii of tissue was c.stab- 
lished in different cases, either principally through blood connection with vessels 
of the muscles or from cutaneous vessels in the sU])cr(icial fascia. 
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mal manner.^® Inasmuch as the ovary at the time of trans- 
plantation was cut into two pieces, and these probably never of 
the same size, it was impossible to ascertain the amount of growth 
in any specific piece. The stroma tissue is quite characteristic 
of the normal ovary. Both mature and immature Graafian 
follicles are abundant and some contain ova apparently ready 
for ovulation. That ovulation really does occur is shown by 
the presence of a few corpora lutea, some of which still contain a 
blood clot in the center. Many Graafian follicles indicate an 
evident tendency for degeneration, and atretic follicles are often 
found in the preparations, Reference to figure 1 will convince 
one that the ovarian cortex, stroma, and contained follicles as 
well as the medulla of the ovary are retained in apparently a 
normal condition. This section is a piece of the original young 
ovary placed subcutaneously in the male at the age of thirty 
days and allowed to grow until the animal was killed 230 days 
later. Vascular connections may be established either from 
cutaneous blood-vessels or in case of a deeper transplantation 
by vessels supplying the abdominal muscles. This graft was 
imbedded in the superficial fascia. The section passes through 
the ovum of two mature follicles and each contains a very dis- 
tinct nucleus. Figure 2 (from same graft as fig. 1) shows not 
only the more mature follicles, but a young follicle as well as a 
corpus luteum. The graft from which these two sections were 
prepared had persisted throughout the entire period of the ex- 
periment in almost a normal condition. It was physiologically 
active, since the germinal epithelium shows an apparently normal 
condition, young follicles are present also mature follicles evi- 
dently almost ready for ovulatioif, and corpora lutea are present, 
showing that a previous ovulation has taken place. The con- 
dition of this graft can represent the general condition of the 
persisting grafts, since no other features worthy of mention 
have been noted in other grafts. 


In several cases of transplantation of both ovaries and testis, more espe- 
cially testis, the glands failed to persist and underwent resorption, leaving little 
if any traces of the original implantation. 
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The implanted testicular tissue does not persist in* the same 
degree of normality as does the ovary, and in some, cases it has 



Fig. 1 ** Section of an ovarian graft in superficial fascia of male rat (6, AIBI- 
V). Rat 30 days old when graft was made; growth removed after persisting for 
225 days, bv., blood-vessels; gf., Graafian follicle; ge., germinal epithelium; m,, 
medullary region of ovary; p., peritoneum of female transplanted with ovary , s., 
stroma; «/., superficial fascia. 

tailedjto persist at all. In the majority of oases the tissue was 
placedjsubcutaneously in the female near the midabdominal 

“Drawings made by Kenji Toda. 
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line. Usimlly the seminiferous tubules are found scattered 
about either in the muscle tissue or in the fascia above and are 
not bound up into a compact mass; figure 3 (a section of a 225- 
day testicular graft in female 6, AIBI-I) shows the dispersed 
condition of the tubules imbedded in muscle. In figure 4 (same 
age graft as in figure 3, but taken from female 6, AIBI-II) part 



Fig, 2 Section from same ovarian graft as figure 1. bv., blood-vessels, cl., 
corpus luteuni, go., germinal epithelium, gf.. Graafian follicle, s., stroma. 


of the epididymis as well as the degenerated seminiferous tu- 
bules is present. These tubules, as Steinach has described, are 
decidedly different from those found in a normal testis; they 
contain only an irregular lining of cells of large size (interpreted 
as Sertoli cells). Spermatozoa and spermatocytes are entirely 
absent. The lumen of most of the tubules is filled with a retic- 
ular substance possibly representing products of degenerated 
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Fig. 3 Section of testicle graft ahowing scatUaxMl seminiferous tubules in llie 
abdominal muscles of female rat. Graft had ijensisted for 225 days before its 
removal from the female (G. AIBI-I). Tis-suc transplautcd from male to 
female at age of thirty days, n,, muscle; at., seminiferous tubules. 


THE JOURNAL OF EXPERIMENTAL ECGlOCT, VOL. 28, NO. 3 
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Fig. 4 Section of testicle graft showing seminiferous tubules and part of 
epididymis, from muscle and fascia of female rat (6, AIBI - II). Graft same age 
as figure 3. st., seminiferous tubules; e., epididymis. 
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cells. Figure 5, a more highly magnified part of the graft from 
female 6, AIBI-II, shows the .condition of the cells that remain 
within, the tubules as w^eli as the large number of cells between 
the tubules. The latter evidently represent the interstitial 
gland described by Steinach and supposed by him to be the seat 
of the production of the hormone of the testis. Between the 
tubules are usually to be found a great number of leucocytes 
scattered indefinitely throughout the tissue, but the significance 
of these is not entirely clear. 

The writer purposely refrains from an elaborate description 
of the cytological findings, as Steinach has discussed them ade- 
quately. The figures included will enable one to realize the 
condition of these pieces of transplanted gonads. 

DISCUSSION 

These observations corroborate parts of Steiiiach’s experi- 
ments and tend to support very strongly his ideas of the trans- 
forming powder of the gonad of one sex over, at least, the psychic 
nature of the opposite sex. While the writer is entirely unable 
to interpret the observations of the possible somatic differences 
of these evidently modified rats as a distinction of malcness and 
femaleness, nevertheless the psychic behavior of the animals, 
absolutely distinct in itself, lends great weight to the idea of a 
transformed sexual nature. 

On the somatic side the early spayed female rat with implanted 
testis increases in weight, but it has been shown that the testis 
has no influence upon growth, but that elimination of the ovary 
does allow a relative increase in weight; the same is also true in 
regard to body length. The presence of the ovary tends to re- 
tard the growth of the animals, either male or female, but it is 
very difficult if not impossible to interpret these changes intelli- 
gently in relation to a modified sexual condition. The testis 
is entirely without effect in this regard. 

Neither the hair coats, fat deposition, nor temperamental be- 
havior outside of sexual reactions and maternal instincts appears 
to the writer to be of any deciding significance, and the size of 
the pelvis and other bones, for reasons already given, appear at 
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Fig. 0 Section of testicle graft (same as fig, 4) more highly magnified to show 
interstitial cells, and degenerated condition of tubules, st., seminiferous tubules; 
Ic., interstitial cells. 
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best to be very poor criteria of maleness and femaleness. The 
negative influences, such as failure of the penis and seminal 
vesicles of the male rat to grow, are nothing more than we could 
expect in any castrated form. It has been sliowu repeatedly 
that many structures of this kind depend upon the presence of 
the testis for their growth and development. And since the 
primordium of these are absent in the female, Ave could not ex- 
pect their development. 

Guinea-pigs as well as rats afford good material for these con- 
siderations only from the ease with which they are handled and 
with which they withstand operation, but they afford very jmor 
material from whi^ to draw demonstrable conditions and defi- 
nite conclusions in regard to sex modification of this kind. They 
possess no distinct sexual differences, aside from the internal and 
external sexual organs, that will specifically classify them as a 
male or female, and hence are decidedly inadequate for experi- 
mental purposes to decide the question at hand. 

The writer purposely postpones further discussion of the bear- 
ing of these results until the observations on guinea-pigs are 
complete. 


HuU Zoological Laboratories, 
University of Chicago 
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Resumido por Donald Walton Davis, por el autor, Herbert W. 

Rand. , 

Multiplicaci6n asexual y regeneraci6n en Sagartia luciae Verrill. 

Sagartia luciae se reproduce asexualmente por medio de una 
bipartici6n en sentido aboral-oral, seguida de regeneracidn. 
El piano de esta biparticidn es vertical y tiende a ser perpendicu- 
lar al eje mayor de la boca, tendiendo a cortar los endoceles a 
preferencia de los exoceles y en este caso suele cortarlos endoceles 
completes a preferencia de los incompletos, seleccionando los no 
directives mas bien que los directives. Los productos de esta 
bipartici6n son generalmente desiguales. Despu6s de la bipartici- 
6n los bordes de la pared del cuerpo se encuentran y fusionan. 
Los del es6fago se reunen tambien y en el centre de la regidn 
fusionada se desarrolla invariablemente un sifonoglifo. A cada 
lado de este piano directive nuevamente establecido se regeneran 
dos pares de mesenteries completes no directives, siempre que el 
mesenterio originario m^s pr6ximo sp incomplete; pero si es com- 
plete y no directive se regeneran un par de mesenterios comple- 
tes no directives mds un mesenterio complete unico, el cual se 
dispone en pareja con el mesenterio impar originario para formar 
un par no directive. Los mesenterios incompletos se r^eneran 
conservando las posiciones caracteristicas. El autor describe el 
orden de desarrollo de los nuevos mesenterios; en relacidn con 
ellos se desarrollan nuevas bandas anaranjadas conservando su 
posicidn caracteristica. La regeneraci6n anade una serie de 
estructuras bastante definida y fija que no guarda relaci6n alguna 
con el tamano inicial y la forma de los productos de la biparticidn. 
Antes que la regeneracibn se haya completado pueden llevarse a 
cabo otras biparticiones. Los individuos resultantes son, por 
consiguiente, diferei^tes on extreme con relacidn al niimero de 
sifonoglifos, mesenterios y bandas de color anaranjado. Sa- 
gartia luciae es, probablemente, fundamentalrnente hexam^rica. 
La escasez de individuos regulares hexamericos depende proba- 
blemente de este proceso de bipartici6n y regeneracidn que proba- 
blemente es el medio mas efectivo para mantener o aumentar 
la poblaci6n de una regi6n determinada. 


Translation by Joe^ F. Notiide* 
Columbia Univeisity 
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INTRODUCTION 

This paper deals with the processes of fission and regeneration 
and their variations in the sea-anemone Sagartia luciae Verrill, 
together with the relations of these processes to the distinguish- 
able morphological types and to the life history of the^pecies. 

Many descriptions of isolated instances of multiplication by 
asexual methods in Actinians have been published. Among 
these are somewhat detailed accounts of the external aspects of 
the process of fission. The present paper stresses the internal 
phases of this process, to which little attention has heretofore 
been paid. A few studies have been made of the regenerative 
processes following the separation, but no connected account of 
the external and internal features of division and regeneration in 
a single species has hitherto appeared. Moreover, in species of 
Aiptasia, where our information is most nearly complete, the 
processes are m^kedly different from those in* S. luciae. 

Variations in the details of form of Actinians have long been 
the subject of passing comment or of more or less serious study. 
That these variations, more, specifically variations in the num- 
ber of siphonoglyphs, are related to processes of reproduction 
was first suggested for Metridium dianthus by Parker (^97) and 
has been demonstrated in that species by Hahn (^05). A 
similar suggestion as to S. luciae was made by Davenport (’03). 
This suggestion has been confirmed in the observations here 
reported. Owing to the presence in S. luciae of external mark- 
ings which are not found in other anemones and which give 
evidence of fundamental internal structures, it has been possi- 
ble to determine the relation of the processes of asexual repro- 
duction to these internal structures. The significance of studies 
of the asexual processes of S. luciae is increased by failure to 
obtain thus far any stage in its ontogenetic development. 

For various reasons, more complete knowledge of the life 
history of this species is desirable. Its appearance at New 
Haven about 1892 has been reported by Verrill (’98); its rapid 
increase and gradual dispersal have been described by Verrill 
and by Parker (’02). It is now the most abundant sea-anemone 
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found between tidemarks on the coast of southern ?^ew Eng- 
land. Prof. H. B. Torrey called my attention to its occurrence 
in San Francisco Bay as early as 11K)6. Hargitt (’14) refers to 
a report of its presence at Plymouth , England, in 1908, and 
records its identification at Naples in 1911. It may be col- 
lected at ftny season and lives well in the laboratory for long 
periods. A few liters of sea-water is all that is necessary to 
maintain many specimens indefinitely; a finger-bowl with a 
liter of water for changes serves well for a few. It may he 
shipped in moist sea’weed without injury. It is therefore avail- 
able not only at the seaside, but wherever desired. 

I wish to express my hearty thanks to Prof. AV. E. Castle for 
his kindness in directing the work in its earlier stages, and to 
Prof. H. W. Rand, whose encouragement and suggestive criti- 
cisms have been most helpful in the later stages. The work has 
been done chiefly in the Zoological Laboratory of Harvard Uni- 
versity and in the Woods Hole Laboratory of the United States 
Bureau of Fisheries. To the authorities of these institutions I 
am indebted for the facilities generously afforded. To these and 
to others who have in various w^ays lent aid, I here make grateful 
acknowledgment. 


DE.SCHIPTION OK MATKIUAL 

Sagartia luciae Verrill is one of the smaller sea-anemones, but 
highly variable both in size and in relative dimensions. While 
each individual has its particular tendency toward a more 
elongated or a broader condition, the same individual under 
different circumstances may be elongated and narrow or short 
and thick, and owing to the varying amount of fluid contained 
in its cavities its total bulk changes greatly from time to time. 
In still water the animal tends to elongate and, in a state of 
normal expansion, shows a length of column one and one-half 
to three times its diameter. In strong currents the tendency is 
toward a shorter and thicker body, the length of the body 
being even less than the diameter. Specimens attain rarely a 
length* of 20 mm. or a diameter of 15 mm., but in no case arc 
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these extreme dimensions approached wmultaneously in the 
same individual. In the majority of specimens the more ex- 
treme measurement does not exceed half the stated maximum. 

The ground color of the column is olive-green. A variable 
number of orange or yellow stripes extend along the whole 
length of the column from the oral disc to the base. Less con- 
spicuous vertical lines along the column, darker than the ground 
color as seen by transmitted light, mark the attachment of the 
mesenteries. 

In oral view the siphonoglyphs, commonly two, may be 
distinguished with the aid of a hand lens. Except in very small 
specimens or in early stages of regeneration, each siphonoglyph 
is clearly marked by a chalk-white bar which extends from the 
siphonoglyph radially across the disc. The white bars appear 
with approximately normal prominence in the photographs 
shown as figures 1 and 2. 

In its internal arrangements this anemone follows the general 
Hexactinian plan, yet with great variation in detail. The 
number of siphonoglyphs and associated pairs of directive mesen- 
teries is commonly two, but may be one, three, or rarely four 
(tables 11 and 13). InkOne specimen five pairs of directive 
mesenteries were noted. The number of pairs of complete non- 
directive mesenteries varies approximately from four to eleven; 
although specimens may frequently be found, at an early stage 
of regeneration when the new mesenteries Imve not become 
established, with less than four pairs of non-directives in evidence. 

The form resulting from ontogenetic development has not 
been determined with certainty, but is probably (p. 218 ff.) a 
regular hexameric one with two siphonoglyphs, two pairs of 
directive mesenteries and four pairs of non-directives (fig. 26). 
In the animals studies, one, two, three, or even four (fig. 25) 
cycles of incomplete mesenteries are present. These are quite 
regular in number and arrangement in an area formed at one 
time, but vary greatly between newer and older regions of a 
regenerated animal. 

I shall use the terms ^endocoeb and ^exocoel’ in their accepted 
significance, the former indicating a space Ijetween the members 
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of a pair of mesenteries, the latter a space lying between two 
adjacent mesenteries not members of the same pair. It will be 
convenient to distinguish between the endocoels partially enclosed 
by complete mesenteries and those bounded by incomplete 
mesenteries. The former I shall call ‘complete endococls/ the 
latter, ‘incomplete endocoels.^ Obviously, the spaces between 
members of a pair of complete mesenteries may be fvirther dis- 
tinguished as directive or non-directive endocoels, and incom- 
plete endocoels may be designated according to the cycles of 
the incomplete mesenteries bounding them. 

The white bar on the disc extending radially from a siphono- 
glyph marks the position of a directive endocoel, with which 
the cavity of a so-called directive tentacle communicates. Or- 
dinarily the orange stripes seen on the column of the living 
animal mark all the complete endocoels and the endocoels of 
the first cycle of incomplete mesenteries (p. 207). In very small 
specimens these orange stripes may be wanting entirely. In 
regenerating regions they appear rather late and, so far as has 
been determined, without regularity (p, 214). In such regions 
no dependence can be placed upon the number of orange stripes 
in determining the number of complete mesenteries. By the 
time the regenerating area, which is at first paler than the older 
portion, approaches closely to the old region in depth of color, 
the orange stripes have developed in full number and, almost 
without exception (p. 213), accurately denote the number of 
mesenteries of the first two cycles. 

The specimens used were collected at various places and at 
all seasons. They were kept in the laboratory, for as long a time 
as desired, in small dishes of sea-water. When first taken to 
the laboratory the water on them was changed every few days. 
After algae became abundant on the walls of the dishes, changes 
were necessary only in order to compensate for loss by evapora- 
tion. Three or four times a week the slime which accumulates 
over the surface of the animals was washed off with a pipette. 
Feeding was attempted by placing minute shreds of fish or other 
meat upon the tentacles. This was effective, but very laborious. 
It was also hazardous, since any particles of food left m the 
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dishes after feeding or disgorged by the animals tended to foul 
the water. It was found, furthermore, that the animals thrived 
quite as well without this attention, doubtless being supplied 
with sufficient food in the form of minute organisms. Under 
these conditions specimens decrease in size somewhat at first and 
after a time become lighter in color. In other respects they 
appear to remain in perfectly normal condition. 

In order to study the internal structures, specimens were fixed 
and sectioned. The larger mesenteries can be seen in sections 
cut by hand, but smaller mesenteries are sure to be overlooked 
if dependence is placed upon that method of examination. My 
specimens were therefore stained, embedded in paraffin, sec- 
tioned, and studied with the compound microscope. 

For narcotizing, A. G. Mayer's method of immersion in a 3/8 
mol. solution of magnesium chloride has proved entirely satis- 
factory. After a half-hour in this solution the specimens are 
thoroughly stupefied and almost invariably well extended. 
Animals in good active condition tend to expand in this solution, 
even though they may at first contract from the mechanical 
stimulation incident to immersion. Unless fine histological 
fixation is desired, 4 per cent formalin is a convenient and satis- 
factory killing agent. From this the specimens may be trans- 
ferred immediately to 70 per cent alcohol. Staining in toto for 
eighteen to twenty-five hours in Kleinenberg's haematoxylin 
brings out well the mesogloea, which gives the best evidence of 
the position of mesenteries and of the longitudinal muscles upon 
them. 

Some of the specimens whose regeneration is recorded divided 
under observation in the laboratory; others were discovered, 
either im their natural habitat or in the laboratory, at the close 
of division or immediately following separation of the parts. 
Nearly all of the other specimens examined have shown exter- 
nally some portions of regenerated material. 
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FISSION AND RKGENKRATION 

The frequent occurrence of fission in this species has been 
noted by Davenport (’03) and the process has been well de- 
scribed by Hargitt (T4). A very similar process has been de- 
scribed for a closely related form by Torrey and Mery (’04). 
The process apparently consists simply in the tearing of an 
individual into two parts by the migration of two portions of 
the basal disc in opposite directions.. The first suggestion of an 
approaching division is seen in the elongation of the base from 
its usual nearly circular outline to an oval form. In the course 
of *a few hours or days this elongation becomes more extreme. 
The whole body becomes flattened closely against the sub- 
stratum, evidencing a state of extreme tension. Eventually a 
rent occurs in the base. This rent widens, gradually extends 
up the column and finally involves the oral disc and the esopha- 
gus. Division may result in the production of more than two 
pieces almost simultaneously; although, as 1 shall show (p. 173), 
this occurs really by successive fissions rather than by simul- 
taneous division into three or more parts. I believe that the 
mouth and esophagus are invariably out by the plane of fission. 
There is no suggestion of a division resembling that known as 
basal fragmentation. Any other method of asexual repro- 
duction than that described above must be very rare in the 
adult form of this species. 

Certain external features of the process of reconstruction 
following division in S. luciae have been < lose rib ed by Davenport 
C03), and in S. davisi by Torrey and Mery (’04). 

After fission is accomplished, the two resulting individuals re- 
main in a limp state closely pressed to the substratum, ^and the 
torn edges of each slowly roll inward and fuse. Within a day 
or two the separate pieces, their wounds having closed, aci^uire 
the normal upright position and typical cylindrical form, and 
the tentacles become expanded. For some days after this the 
region of fusion of the edges shows as a narrow vertical streak 
of much lighter color than the adjacent old parts of the column. 
At this stage in less brilliantly colored specimens the new tissue 
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may easily be mistaken for an orange stripe (cf. fig. 3, 4). In 
the course of weeks this regenerating part increases both in 
absolute size and in proportion to the old tissue until finally it 
forms, in some cases, much the greater part of the polyp. Also 
the newer region becomes darker until it is no longer distinguish- 
able in color from the older. Meanwhile tentacles and a faint 
white bar are formed in the new region of the oral disc, and pale 
orange stripes appear in the new area of the column. A new 
white bar is at first fainter -and narrower than an old one. This 
is illustrated at 3 in my figure 2 , and better by Hargitt's colored 
figure (T4, fig. 2). The distinction persists for months at least. 
The new orange stripes, besides being paler, are closer together 
than the old ones. In most cases these features, especially the 
closer grouping of the stripes^ enable one to distingifish a re- 
generated region for many months (figs. 36 to 41; also Daven- 
port, ^03, figs. 8 to 11, 14), the exceptions being chiefly small 
and faintly colored individuals or those in which one or more 
regenerating regions constitute almost the whole of the specimen. 
Sections show that a new siphonoglyph is associated with the 
new white bar, and that in time new mesenteries are formed in 
the sector regenerated in the region of fusion of the torn edges. 
Even when the external distinctions between old and regener- 
ating tissue are absent, the mesenteries, as seen in stained 
sections, may give perfectly conclusive evidence that regeneration 
has occurred and even locate the precise^position of the boundary 
between new and old portions (p. 169 ff). 

No obvious change occurs in the older regions in consequence 
of fission, except in the parts adjacent to the torn edge, which 
arc subject to injury in the course of the division. No old 
incomplete mesenteries become complete, except perhaps in the 
rare cases where probably such a mesentery is itself injured and 
fuses with the esophagus or where the uninjured mesentery unites 
by chance with a torn edge of the esophagus. Similar unions 
between other parts sometimes occur, more often in artificially 
cut specimens than in normally divided ones. Abnormal ad- 
hesions of the latter sort commoply fail to persist, whereas the 
more nearly normal adhesion between a mesentery and the 
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esophagus apparently remains (p, 171 ft.). Absorption of old 
mesenteries, so constant a feature of asexual reproduction in 
some other species, does not occur here (p. 171, 172. 200), except 
probably in the case of mesenteries torn during tlivision. So 
far as I can judge, the rate of formation of new cycles of incom- 
plete mesenteries is not altered. No new orange stripes are 
formed in the old region as a result of division. A general fading 
of the brighter colors occurs in all specimens kept under the 
artificial conditions of the laboratory, but this is not noticeably 
greater in regenerating polyps than in apjiarently undivided 
ones. It appears, then, that the form of the older part is not 
changed in consequence of fission and that the formation of new 
structures is strictly confined to the region of union of the torn 
edges, where a broad sector of new material is laid down. The 
rate at which regeneration goes on is strikingly variable. In 
the following account the estimated periods must therefore be 
regarded as rough approximations, from which individual 
specimens may be expected to diverge widely. 

PLANi: OF FISSION 

In fission of the type described above, there are many pianos 
in which the tear may pass through the column of the anemone. 
It is my purpose in this section to discover any tendencies of the 
plane of fission to occupy spaces of one kind rather than another. 
Part of the material upon which is based my study of such tenden- 
cies consists of specimens observed in process of division and sub- 
sequently isolated and allowed to regenerate for different periods 
before being killed. The mesenteric formulas of these animals 
of known relationships are given in tables 3, 4, and .5.'^ I able 6 
presents the formulas of additional specimens available for this 
study. Before directing attention to the tendencies indicated by 
these tables it is desirable to make clear the standing of the 
additional specimens included in table 6. »Study of specimens 

* For interpreting the tables and figures, to whieli freriiiont nderence is 
in the text, an acquaintance with the symbols and general explanation given 
on pages 232 and 233 is essential. 


THE JOVRNAL OP IXPEHIMENTAL ZCSlOGY, VCL. 28 , NO, 2 



170 


DONALD WALTON DAVIS 


in all stages of regeneration show that the exact position of the 
boundary between the old material and that laid down follow- 
ing division can be distinguished, even after a long period of 
regeneration, by the relative size and development of the mesen- 
teries of corresponding cycles (figs. 11 to 16). In many instances 
where the precise position of the boundary cannot be determined, 
the relative condition of the mesenteries, the degree of develop- 
ment of the mesenteric filaments, and the presence of certain 
types of arrangement of the developing mesenteries peculiar to 
zones of regeneration indicate with certainty that division has' 
occurred. Thus in figure 15 the mesenteries labeled and 
lag behind the other members of their respective pairs in 
becoming attached to the esophagus. A similar condition is 
represented in figure 18 and constitutes the sole evidence that 
regeneration is in progress. In the latter instance as well as in 
one half of the specimen illustrated in figures 15 and 16 the 
exact position of the plane of division cannot be determined. In 
figures 19 to 24 the condition of the incomplete mesenteries gives 
evidence that different regions are of different ages without 
indicating the precise position of the boundary between newer 
and older parts. It is obvious that only such specimens as 
reveal the exact boundary between new and old structures 
should be included in table 6, but not even all of these can fairly 
be counted. As indicated by the figures just cited, evidence of 
division commonly persists longest in the incomplete mesen- 
teries: Hence at a late stage of regeneration, following a 
division which does not involve a pair of incomplete mesenteries, 
there may be doubt as to whether one or both of the members 
of a pair of complete mesenteries lying near the boundary belong 
to the old region. If only one is old, the division was in a com- 
plete endocoel; if neither is old, the division must have been in 
an exocoel. See, for instance, the older regenerating region of 
the specimen shown in figures 15 and 16, where the mesenteries 
marked c are probably (but not certainly) old. Such a case 
cannot be counted, of course. But specimens in a correspond- 
ingly late stage of regeneration after a division between incom- 
plete mesenteries, although they do show the precise position of 
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the plane of division, should also be excluded from a group on 
which to base a study of the relative frequency of divisions in 
different spaces. Such a case is illustrated in the newer re- 
generating region represented in figures 15 and Id. Therefore 
only such specimens have been included in table d as show the 
characteristic differences between new and old complete mesen- 
teries. This introduces a slight error through the exclusion of 
such a specimen as that represented in figure 17, which has no 
old complete mesenteries. Furtheruiore, since the specimens of 
"table d are to be regarded as a random sample, so far as concerns 
the position of the division plane, there have been excluded from 
it all animals selected for sectioning because of tlie relation of th<^ 
new area to the directive plane or to the orange stripes which 
mark the complete endocoels and certain incomplete ondococls. 

It is to be noted that the plane of division is in almost all 
cases strictly vertical. Occasionally a mesentery is found in an 
oral or aboral region, but not throughout the kaigth of tlie 
column. Such mesenteries, as would be (‘xpecti^l, are usually 
small. That they represent mesenteries torn during fission is 
probable, in spite of the fact that not a single case has been 
noted in which both paired individuals show jnirts of the same 
original mesentery. Since such partial mesenteries are rare in 
older parts, it is likely 'that they either are normally completed 
by regeneration, or are absorbed. As I have seen nothing what- 
ever to indicate that a torn mesentery ever grows up or down 
the column, and as there is some evidence (p. 172)that absorption 
of mesenteries docs occur and that regulative processes correct 
certain abnormal adhesions, it is likely that the partial mesen- 
teries referred to are removed by absorption during regeneration. 

Certain other indications of departure from a perfectly 
simple vertical tear may be mentioned. In pairs 3 and 10 of 
table 3 there is disagreement between the bounding mesenteries 
of the related individuals. In no. 3a an incomplete mesentery 
of the most advanced cycle (I) stands in the position of a mate 
to a coapiete mesentery, c, in no. 3b. In no. lOa an incomplete 
mesentery of doubtful grade, (1) is similarly opposed to a direc- 
tive, d, in no. lOb, It is entirely improbable that in these cases 
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the unlike bounding mesenteries were adjacent to each other in 
the original animal, since pairs of mesenteries of different 
character are rare. The apparent lack of agreement may be 
due in some cases to a tearing from the esophagus of mesen- 
teries previously complete or, in a single case (no. 18b, table 5), 
to the fusion of an incomplete mesentery with the esophagus 
during closure of the wound following *688100. That complete 
mesenteries should occasionally have their connection with the 
esophagus broken is not remarkable considering the nature of 
the process of fission. The possibility of the abnormal union of 
an incomplete mesentery with the torn edge of the esophagus is 
supported by the fact that, in early stages of regeneration of 
cut specimens, atypical adhesions of parts are common. Such 
adhesions seem much more rare in later stages, indicating that 
regulation probably occurs. It is conceivable that an attach- 
ment of a normally incomplete mesentery with the esophagus 
might persist even though adhesions of other parts should be 
eliminated. 

There remain four cases (pairs 3, 10, 15, and 22) in which the 
most probable explanation of the disagreement is the complete 
elimination of one or more mesenteries. It is possible that this 
loss of mesenteries is due to the detachment during fission of a 
minute piece which was overlooked and* lost; cir it may be that 
such a piece was partially separated from the larger ones, or 
otherwise extensively damaged, during division and subsequently 
absorbed. In support of the latter hypothesis may be mentioned 
certain mesenteries found in a few specimens not represented in 
the tables. These are mostly pieces regenerating after being 
separated by artificial' cuts. The abnormal mesenteries are at- 
tached to the column wall, but not to the esophagus. They 
extend through only part of the length of the column. The 
mesogloea of these mesenteries is thick and stains heavily, but 
the longitudinal muscles are feebly represented. They are cer- 
tainly injured old mesenteries and are probably in process of 
elimination. 

Summarizing the occasional irregularities adjacent to the plane 
of fission, we may say that small mesenteries may be cut in two 
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by the fission plane and later resorbed: complete mesenteries 
may be torn from the esophagus and persist as incomplete 
mesenteries; incomplete mesenteries may adhere to the torn 
edge of the esophagus and thus appear as complete mesenteries, 
and one or more mesenl^ries may be either wholly eliminated 
by tearing during division or by this process combined with ab- 
sorption during the earl^ stages of regeneration. 

It should be emphasized that the irregularities just referred 
to are distinctly exceptional. In general the plane of fission is 
strictly vertical; and, considering the apparently mechanical 
tearing of the tissues in fission, there is remarkably general 
agreement between the mesenteries found in the separated 
parts. 

Ordinarily an individual separates into two parts, which re- 
generate for a considerable period before a second division super- 
venes. Occasionally one finds instances, such as are represented 
in table 5, of division resulting in the early formation of three or 
more regenerating individuals. The case of no. 19 is typical. 
It was a large diglyphic specimen with twelve orange stripes and 
giving no external evidence of a previous division. It was found 
upon Fucus, where the slimy foothold may have operated to 
prevent division. The presence of well-developed gonads, as 
shown in the photographs of products of this division (figs. 27 
to 32), may also be associated in some way with a delay in fission 
under natural conditions. Upon being brought into the labora- 
tory, like many other specimens, it promptly migrated on to the 
glass surface of the container, and in about a week showed an 
early stage of fission. One week later a division was completed, 
resulting in one large and two smaller pieces. After three days 
more the largest part had divided into two. There were then 
four not very unequal pieces. Thirty-four days thereafter three 
of the regenerating products of the division were killed, the 
fourth having been lost. In no. 22 the interval between suc- 
cessive fissions was eighteen days; in no. 17, twelve days, in 
no. 18, two days. In nos. 20 and 21, as in the first division of 
no. 19, the observations suggested simultaneous production of 
three parts. The number of regenerating zones, however, as 
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indicated in the table, are such as would result from successive 
simple divisions. The condition of no. 21 is conclusive in this 
respect, the evidence from nos. 19 and 20 being less positive 
because of loss of parts. I have found no instance of division of 
an animal into three parts giving rise to but three regenerating 
regions, as would be* expected in case, of a single compound 
division. 

One might expect to find that specimens dividing into more 
than the usual number of pieces would be shown to have had an 
unusually high number of old mesenteries. Such, however, is 
not the case. Only no. 17 possessed, before division, a high 
number of complete mesenteries. The average for specimens 
included in table 5, omitting nos. 19 and 20 on account of missing 
parts, is 13,5 complete mesenteries. The average for specimens 
dividing into two parts, included in tables. 3 and 4 , is 16.4. 
Evidently, then, the close recurrence of fission is not correlated 
with a high number of complete mesenteries. Indeed, it seems 
to be related rather to a number lower than the average; and it 
eventually tends through generations to raise the number of 
mesenteries higher than does the more common simple division. 
As will appear from the statements below, multiple fissions are 
not associated with particular numbers of siphonoglyphs and 
pairs of directive mesenteries. 

Tables 3 to 5 record the divisions of twenty-two polyps. 
Seventeen of them were diglyphic before division, three were 
apparently triglyphic, one was monoglyphic and one tetraglyphic. 
In thirteen cases a diglyphic individual separated into two parts, 
each receiving a pair of directive mesenteries. One of the di- 
giyphic specimens (no. 17) divided into three parts and another 
(no. 19) into four parts. In both of these cases one pair of 
directives passed to each of two of the resulting pieces, and one 
or two pieces contain no old directives. Another of the di- 
glyphic specimens (no. 16) divided into two parts, one with two 
pairs of directive mesenteries, the other with none. StiU an- 
other of the diglyphic individuals (no. 21) divided into three 
parts, one part with one pair of directives and a single bounding 
directive, one part with the corresponding bounding directive 
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mesentery, and one part lacking directives. One of the tri- 
glyphio animals (no. 10) divided in a directive endocoel on one 
side, each of the two resulting individuals receiving a. pair of 
directives and an unpaired directive (in one part the directive 
on the boundary being' absent). A second triglyphic specimen 
(no. 22) divided into three parts, one receiving a pair of directives, 
another receivmg a single directive mesentery on one boundary, 
and the third receivmg a pair of directives and an unpaired 
directive. The third triglyphic animal (no. 20) divided into 
three parts. One part received one pair of directives; a second 
part possessed no old directives, and the third, which was not 
successfully preserved, must have received two pairs of directive 
mesenteries. The monoglyphic animal (no. 18) divided into 
three parts not through the directive endocoel. Consequently 
one part possesses a pair of old directives and two parts have 
none. The tetraglyphic specimen (no. 15) divided into two, 
giving one part three pairs of directives, the other one pair. 

Thus in fifteen out of seventeen cases of the division of di- 
glyphic individuals the plane or planes of division cut the major 
transverse axis, giving the pair of directives at the extremities of 
this axis to different pieces. The division of the monoglyphic 
specimen occurred in a corresponding plane. One of the 
triglyphic specimens divided along a similar plane as regards 
two of its pairs of directives, the division passing through the third 
directive endocoel. In three of the four remaining cases (nos. 16, 
21, and 22) some of the directives are regenerated ones whose 
imperfective development at the time of division may give 
occasion for the unusual position of the fission plane. The 
fourth specimen (no. 15) also has some regenerated mesenteries, 
but the limits of the regenerating zones are obscure, owing, at 
least in part, to faulty preservation and to sectioning in a some- 
what oblique plane. What part the directives play in de- 
tennuung the position of the division plane may only be sur- 
mised. This question is discussed below. Here it shollld be 
emphasized, first, that the number of directives does not de- 
termine the number of parts into which a polyp shall divide; 
secondly, that in division there may be separated a piece which 
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before regeneration possessed no directive mesenteries, and, 
thirdly, that the division plane cuts the directive plane. ■ 

We may now consider more specifically how nearly per- 
pendicular to the major axis of the mouth is the plane of division. 
In other words, is there any tendency toward bilateral symmetry 
of the structures of tSe old piece with respect to its directive 
plane? The simplest cases in which this problem may be 
studied are those of originally diglyphic specimens with sym- 
metrically placed non-directive complete mesenteries. Eight 
specimens of this nature are recorded in table 3. Three of them 
divided in spaces other than complete endocoels. Of two 
regular hexameric individuals in this class, one (no. 4) divided 
in two incomplete endocoels forming two pieces, each sym- 
metrical with respect to its directive plane; the other (no. 6) 
divided in one complete and one incomplete endocoel forming 
pieces as nearly symmetrical as could result from division in 
such spaces. A third specimen (no. 1), with eight pairs of 
complete non-directives, divided likewise through one complete 
and one incomplete endocoel into two nearly symmetrical 
parts. 

Five originally symmetrical polyps divided in two complete 
endocoels — assuming that in two cases a bounding mesentery 
recorded as doubtfully incomplete was really complete at the 
time of division. Four of these (nos. 7, 11, 13, and 14) were 
regular hexameric specimens and one (no. 9) was regularly 
octameric before division. Each of these five divided into two 
symmetrical pieces. Neglecting the possibility of division in 
directive endocoels, the chances are even that a regular hex- 
americ individual dividing in complete non-directive endocoels 
will produce two symmetrical or two asymmetrical pieces. The 
number of symmetrical and asymmetrical pieces produced by 
such divisions should be approximately equal. Actually four 
divisions of this sort gave eight symmetrical pieces. The 
chances in such a division of a regularly octameric individual 
are two to one in favor of producing two asymmetrical pieces 
as against two symmetrical pieces. One such division gave two 
symmetrical parts. As far as these few cases have any signifi- 
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cance, they point to a tendency on the part of symmetrical 
individuals to divide into symmetrical parts by a vertical 
plane perpendicular to the directive plane. 

Since a precisely symmetrical old piece has like mesenteries 
adjacent to its edges, whereas an asymmetrical piece may have 
like or unlike bounding mesenteries, any tendency toward the 
formation in division of accurately symmetrical pieces would be 
indicated by an excessive number of like bounding mesenteries. 
This gives us an opportunity to discover the limits of the 
tendency. The numbers of like and unlike bounding mesen- 
teries of tables 3 to 6 are summarized in available form on the 
left of table 9. We may best disregard the less common classes 
and consider only the twenty-eight old pieces with two com- 
plete non-directive bounding mesenteries, thirty-two cas^s of 
one complete and one incomplete mesentery, and nine specimens 
with two incomplete bounding mesenteries. If we arbitrarily 
distribute into two equal groups the thirty-two cases of pieces 
with unlike bounding mesenteries, we have data suitable for the 
use of Yule’s ‘Coefficient of Association’ (’00, p. 272) as a 
measure of a possible tendency of the division plane to pass 
through similar spaces on opposite sides of the directive plane. 
The distribution of the divisions in these cases is, then, as given 
in table 1. 

Complete positive association, the invariable association of two 
incomplete or two complete mesenteries on the two boundaries 
of a piece, would be represented by a value for Q of + 1. Com- 
plete negative association, the constant association of a complete 
mesentery on one boundary with an incomplete mesentery on 
the other boundary of a single piece, would be indicated by a 
value for Q of — 1. Merely chance association would be indi- 
cated by a coefficient of 0. The calculated coefficient with its 
probable error is — 0.008 ± 0.02. The coefficient, being less ^ 
than its probable error, is practically zero. Our figures, there- 
fore, give no indication of a departure from the chance associa- 
tion of two incomplete mesenteries, an incomplete and a 
complete one, or two complete mesenteries as old bounding 
mesenteries lying in one piece adjacent to a single division plane. 
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TABLE J 


Complete 

Ineomplete 

Complete 

a = 28 

b = 16 

Incomplete 

c = 16 1 

[ 

d-9 


The coefficient of association by the formula, 


^ ad — be . 

Q = - 18-0.008 


ad + be 

The probable error of Q by the formula, 
1 -Q2 


P. E. = 0.6745 X “ 


iV a+b + c + d 


? a b c d 


is * 0,02 


This implies that the demonstrated tendency of|the plane of 
fission to lie perpendicular to the major transverse axis of the 
mouth (p. 177) is not so strict as to regard the difference be- 
tween two adjacent endocoels, the one complete, the other 
incomplete. 

The same facts as were summarized in the left part of table 9 
have been represented in the corresponding part of table 10, 
counting separately each bounding mesentery. The bounding 
mesenteries indicated by symbols in the column headed B in 
tables 3 to 6 are represented in table 10 in the column headed 
/Frequency’ and in the appropri^e rows. Thus each unit in 
the frequency column of table 10 indicates a position of a division 
plane on one side of one individual resulting from a division, and 
the total number of units in the column of frequencies is equal 
to the number of symbols in all the colunms of bounding mesen- 
teries in tables 3 to 6. In reckoning the total number of 
divisions in complete and in incomplete endocoels I have sub- 
ti acted the numbers of mesenteries whose apparent complete or 
incomplete character is in doubt. I have, of course, included 
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in the total number of incomplete endocoels those mesenteries 
undoubtedly incomplete but of undetermined grade. The per- 
centages have been figured on the revised totals. The table 
shows division planes as follows: complete endocoels, 62 per 
cent; incomplete endocoels, 34 per cent; exocoels, 4 per cent. 

The significance of these figures, in showing tendencies of the 
division plane to pass in spaces of a certain character, is af- 
fected by the relative numbers of spaces of each character in the 
animals at the time of division. Possibly the relative width of 
the spaces should also be taken into account. At an early 
stage in the formation of a cycle of incomplete mesenteries the 
adjacent exocoels are so reduced that the sum of the widths of 
endocoels considerably exceeds the sum of the exocoels. This 
condition gives way to a state of practical equality between 
endocoels and exocoels so soon that the temporary inequality 
probably has little if any influence on the relative frequency of 
passage of the plane of fission in different spaces. Certainly, the 
inequality between endocoels and exocoels is not sufficient to 
account for more than a small fraction of the excess of endocoelic 
divisions recorded. 

The number of exocoels in an anemone is precisely equal to 
the sum of all endocoels. According to chance, neglecting in- 
equalities in size, 50 per cent of the divisions should occur in 
exocoels. As shown in table 10, division planes occur in exocoels 
in only 4 per cent of cases. It is clear, therefore, that there is a 
strong tendency of the division plane to pass through endocoels. 

The proportions here found do not agree with those given by 
Torrey and Mery for S. davisi. Their results, stated by the 
method I have used, give twenty-nine cases of division planes 
passing through exocoels to seventy-three passing through en- 
docoels. These results, as Professor Torrey informs me, were 
obtained from hand sections of the anemones. Some incomplete 
mesenteries might be overlooked by that method. This might 
be responsible for the recording of a somewhat greater proportion 
of divisions in exocoels than I have found from the study of 
microtome sections, but it seems scarcely possible that it can ac- 
count for the whole discrepancy. Even if the divisions in incom- 
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plete endocoels below the first grade are added to the exocoels 
as shown in my table 10, these form only 12 per cent of all the 
divisions, whereas Torrey and Mery found 28 per cent of all 
the positions of division planes to be in exocoels. Apparently, 
8. davisi and S. luciae differ in the proportion of divisions in 
exocoels. 

As between incomplete and complete endocoels the chances 
cannot be accurately stated, since the cycles of incomplete mesen- 
teries are variable in number. Probably division occurs very 
rarely if at all in a region w'here the first cycle of incomplete 
mesenteries is not yet established. The members of this cycle 
are equal in number to the complete mesenteries. Usually in- 
complete mesenteries of the second grade are also present. 
These are twice as numerous as those of the first cycle. Later 
cycles are sometimes present, at least in the older parts of a 
specimen. We may say, therefore, that probably not less than 
50 per cent nor greatly more than 75 per cent of endocoels are 
incomplete; and that while, according to chance, divisions should 
occur in incomplete endocoels in at least as many cases as in 
complete endocoels, the actual numbers found are 57 incomplete 
to 103 complete endocoels, or 36 per cent of divisions in incom- 
plete endocoels. There is, then, a marked tendency to divide 
in complete endocoels. 

Since in regeneration the full number of complete mesenteries 
to be formed appears very promptly and the directive or non- 
directive characteristics are obvious at an early stage, the 
chances of a later division plane passing in directive or non- 
directive endocoels may be quite accurately determined. The 
old parts of animals represented in tables 3 to 6 show 572 com- 
plete mesenteries. Of these, 154 are directives. Therefore 
approximately 27 per cent of the complete endocoels of these 
animals are directive endocoels. Of 103 divisions in complete 
endocoels (as calculated for table 10), six, or approximately 6 
per cent, are in directive endocoels. That is, of the divisions in 
complete endocoels there were less than one-fourth as many 
^visions in directive endocoels as chance would demand. This 
is only another expression of the fact, already demonstrated 
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(pp. 176, 177), that the plane of fission is more or less nearly per- 
pendicular to the directive plane. That directive endocoels are 
avoided, gives additional emphasis to the tendency to divide in 
complete non-directive endocoels. 

The inequality of the parts resulting from a division is strik- 
ing. The relative size of the parts may be roughly measured 
by the number of complete mesenteries. Of fourteen divisions 
of diglyphic specimens into two parts each, no case of equal 
distribution of the complete mesenteries between the two parts 
is found, whereas cases of extreme inequality do occur. The 
other specimens show in general a similar lack of equality of 
parts. One might explain the inequality in the products of 
division of a regular hexameric individual on the ground that the 
tendency to divide in complete endocoels and the tendency to 
divide in a plane perpendicular to the major axis of the mouth 
overcome any tendency to divide into equal parts. But this does 
not hold for the unequal division of a regular octameric specimen 
such as no. 9 (table -3). In this specimen the tendencies for the- 
fission plane to pass through complete endocoels and to pass per- 
pendicular to the major mouth axis would both be satisfied by a 
division which should produce equal parts. Yet this division 
was very unequal. In a number of other cases the inequality of 
parts is much greater than is demanded by the tendencies to 
divide in complete endocoels and along the favored plane. It 
should be noticed that, in every case where a recent regeneration 
zone is indicated in the old part (tables 3 to 6), the piece con- 
taining this regenerating part possesses the greater number of 
complete mesenteries. It is possible that there is a tendency 
toward an equality in which different regions have values 
dependent fipon age. The tendencies of the planes of fission so 
far as analyzed are summarized on pages 226, 227. It remains 
to be pointed out that, even among specimens having the same 
number of siphonoglyphs and complete mesenteries, the im- 
mediate products of division are quite diverse in form. The 
same processes, dealing with specimens already varying as 
shown in tables 3 to 7, lay a foundation for the most extreme 
numbers of mesenteries and siphonoglyphs found in the fully 
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regenerated individuals. Regenerative processes may begin with 
pieces varying in number of siphonoglyphs from none to thcree, 
and in number of complete mesenteries from zero to fifteen. 

COURSE OF REGENERATION 

The course of regeneration as seen in the living animal has 
been described above (p. 167 ff). The account which follows is 
derived from the study of sections. It should be noted that the 
white lines and orange stripes fade out immediately upon killing 
by any of the methods I have used. The external distinctions 
])et\veen new and old tissue are also lost in the process of fixation 
by some methods, but in formalin the newer area remains dis- 
tinguishable by its lighter color, at least in those cases where 
the color differences in the living specimens are great. There 
is, nevertheless, little uncertainty as to the relation of external 
and internal features. After examining a series of stages in 
regeneration the boundaries between new and old material can 
be (luite as accurately determined in sections as in living indi- 
viduals, and the external markings and internal structures can 
in almost all cases be satisfactorily correlated. 

In sections of specimens killed a few days after division the 
column wall in the region of fusion appears much like the old 
column wall. In some specimens this region is distinguishable 
on account of its being sHghtly thinner and having the outer 
border of the ectoderm less scalloped. This condition occa- 
sionally extends slightly into a part of the column which, as 
indicated by the mesenteries, is old. In the greater number of 
cases, practically no evidence of the region of fusion is found in 
the column wall a few days after division. In thg esophagus 
evidence of the division persists much longer, especially at its 
aboral extremity. Closure of the esophagus orally occurs within 
four days. At this time its torn edges are contracted, the 
esophagus being much shorter on that side than on radii distant 
from the plane of division. Its full length on the regenerating side 
seems to be reached only as the new complete mesenteries become 



ASEXUAL REPRODUCTION IN SAGARTIA 


183 


attached to it. Because pf this contraction and the conse- 
quent oblique position of the aboral aperture of the esophagus, 
the normal edge is often cut in transverse sections of re- 
generating individuals. The torn lateral edges of the esophagus 
before their union appear precisely like the normal free edge, 
and no clear boundary between these edges can be distinguished. 
Sections therefore show the esophagus open laterally, and it is 
impossibe to determine, in some cases, whether or not fusion has 
been completed. Certainly, the union proceeds down the 
column somewhat in advance of attachment to it of the develop- 
ing complete mesenteries. 

Fonnation of new siphonoglijphs 

Following closure of the esophagus, a siphonoglyph appears 
along the line of fusion of its edges. A siphonoglyph differs 
from the remainder of the esophagus most obviously in its evenly 
rounded outline, the- other portions showing in sections scallops 
with their convexities toward the cavity of the tube. A fully 
developed siphonoglyph shows also, in sections well preserved 
and stained, more abundant cilia than are to be seen in other 
regions and usually a more prominent heavy line marking the 
basal bodies of the cilia In consequence of these distinctive 
features, siphonoglyphs may usually be readily distinguished 
from other regions of the esophagus. The time at which differ- 
entiation of the siphonoglyph becomes clearly evident varies 
greatly, but is usually about ten days after separation. The 
undifferentiated esophagus continues to grow laterally on both 
sides of the mew siphonoglyph, leaving the latter permanently 
in the middlb of the regenerated region. 

When division has occurred in the plane of a siphonoglyph, 
this structure persists and an additional siphonoglyph is formed. 
Three clear instances of this are recorded as nos. 21a, 21b and 44, 
the siphonoglyphs being indicated in tables 5 and 6 by tlie 
pairs of directive mesenteries with which they are invariably 
associated. 
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Recalling the types of division desc/ibed above (p. 174 ff.), it is 
now clear how specimens with various numbers of siphonogl^hs 
may arise. Diglyphic specimens most frequently give rise to 
diglyphic forms, but may produce triglyphic (nos. 16b, 21a, 
2rb) or monoglyphic (nos. 16a, 21c) ones. Triglyphic individuals 
may produce diglyphic (no. 22a), monoglyphic, triglyphic, or 
tetraglyphic specimens. A tetraglyphic form (no. 15) did give 
rise to one individual with four siphonoglyphs, and one with 
two. Other possibilities are at once evident. It is wholly prob- 
able that any form may give rise, by one or two divisions, to any 
form. Since a new siphonoglyph is invariably formed in the 
new region at an early stage of regeneration, it is obviously more 
appropriate to refer specimens in process of regeneration to their 
ultimate class rather than to the one to which they appear at 
the moment to belong. It is therefore no longer admissible to 
say, as Davenport ('03, p. 141, line 20) has heretofore done, 
referring to the usual type of division of a diglyphic individual, 
that “a monoglyphic S. luciae is the result of longitudinal division 
of a diglyphic form," or to refer to the metamorphosis of a 
monoglyphic to a diglyphic type" (ibid., line 33). The true 
monoglyphic type is a fixed type which does not. develop a new 
siphonoglyph, thus transforming into a diglyphic type, although 
it may produce one or even two diglyphic individuals by a single 
division. The division of a diglyphic individual in the great 
majority of cases results in two diglyphic forms, never two 
truly monoglyphic ones. 

Detfelopment of new mesenteriefi 
* 

By the time the siphonoglyph is clearly differentiated, all of 
the complete mesenteries to be formed may have appeared, but 
they do not reach the esophagus until somewhat later. New 
mesenteries show first in the lower half of the column. The 
earliest evidence of a mesentery is a very thin sheet of mesogloea 
extending from the mesogloea of the column wall inward into 
the endoderm. When the sheet has pushed nearly through the 
endoderm, the latter becomes projected inward in advance of it. 
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The new mesentery is then similar to the old incomplete mesen- 
teries of the latest *cycle except that the regenerated ones are 
usually thinner and have a much narrower and more lightly 
staining plate of mesogloea (for instance, figs. 7 and 8). They 
rapidly elongate vertically, extending downward to the base 
and upward to and across the oral disc; but the increase of a 
mesentery in thickness and in radial extent is slower until it 
has become complete by crossing the oral disc to the esophagus. 
It then rapidly extends centripetally, apparently as a result of 
tension, since a mesentery that has recently become complete is 
often thinner than one of the same age that has not quite reached 
the esophagus. At about the time a mesentery becomes com- 
plete in the extreme oral region, its longitudinal muscles become 
clearly evident (figs. 9 and 10), Subsequently these mesen- 
teries grow thicker and their longitudinal muscles become more 
fully developed (fig. 13). They become attached to the esoph- 
agus farther and farther aborally. For a long period, however, 
at least some of the new complete mesenteries fail to reach the 
esophagus at lower levels where the old ones are attached (figs. 
15 and 18: c-, c*). 

The incomplete mesenteries arise in similar fashion, but they 
develop more slowly and retain much longer the slighter degree 
of development which distinguishes them from the incomplete 
mesenteries of the old region. 

umber and arrangement of mesenteries in regenerated regions 

Upon examination of the mesenteric formulas of the new 
regions of thS^specimens represented in tables 3 to 6, it is apparent 
that the variations in number and arrangement of the new 
mesenteries are determined almost wholly by the mesenteries 
on the boundaries of the old regions. Specimens listed in 
tables 7 and 8 give additional data upon which to base a study 
of regeneration formulas. Some of these were selected, in col- 
lecting, upon a basis which would interfere with their usefulness 
in considering the relative frequency of fission planes in different 
regions. Others were excluded from tables 3 to 6 on the ground 
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that, had the natural division occurred in some other plane, 
adequate evidence of the position of the plSne of fission would 
not have persisted to the time of killing. Still others are re- 
generating individuals resulting from artificial cuts. The last 
mentioned are pointed out in the explanations of tables 7 and 8. 
It will be seen that they regenerate in the same general manner 
as if they had divided naturally in a corresponding plane, but ap- 
parently show wider variations in the number of new mesenteries. 

Table 9 shows the frequency of different numbers of new com- 
plete mesenteries, based upon the specimens represented in 
tables 3 to 7. I include here as complete mesenteries not only 
those actually reaching the esophagus, but also mesenteries now 
incomplete but destined to become complete. These are, in 
nearly all cases, readily distinguishable from true incomplete 
mesenteries whatever the stage of regeneration. For incomplete 
mesenteries appear only after those destined to become complete 
have reached relatively large size, and they develop more slowly 
than the complete ones. Furthermore, the members of a pair of 
new incomplete mesenteries appear simultaneously and remain 
of equal size during their growth; while members of a pair of 
complete mesenteries reach such a state of equality only late in 
regeneration. Since all of the complete mesenteries destined to 
be formed in a regenerating region appear quite promptly, their 
number may be safely judged almost from the beginning. These 
features are illustrated in figures 23 to 30. The numbers of new 
mesenteries actually complete is indicated in the tables of 
mesenteric formulas in connection with each regenerating zone. 

WTiere complete old non-directive mesenteries occupied both 
boundaries, regeneration involved the production A eight com- 
plete mesenteries, in twenty-five cases and six complete mesen- 
teries in two cases (table 9). The character and arrangement of 
the eight mesenteries commonly formed may be made clear with 
the aid of figure lo, representing specimen no. 64 of table 7. The 
older of the two regenerating sectors, occupying about two-fifths 
of the area of the cross-section (lower left), is limited by two old 
complete bounding mesenteries c, c. On either side of this 
regenerating region, adjacent to the old bounding mesentery, is 
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a new mesentery, ej, forming with the bounding mesentery a 
non-directive pair. In the middle of the new area is a pair of 
directive mesenteries, d, d. Between the directive and the new 
bounding mesenteries, on either side, is a pair of non-directives, 
c^, Figure 16, representing a more aboral section, shows the 
first cycle of incomplete mesenteries appearing in the primary 
exocoels. Other cycles of incomplete mesenteries are formed 
later. Where, under these conditions (as in specimen no. 26, 
table 6), six mesenteries are regenerated, only one complete 
non-directive is formed between the new directives and the old 
bounding mesentery, and this one .mates with the latter. I have 
no specimen with the reduced number of complete mesenteries 
on both sides of the new directives, but no doubt such instances 
may be found. Only four new complete mesenteries would then 
be developed. 

When division has occurred in two incomplete endocoels 
leaving an incomplete mesentery adjacent to each boundary of 
the old region, ten complete mesenteries are usually regenerated. 
This is the case in the later regenerating zone of the specimen 
(no. 81, table 7) shown in figures 15 and 16 (upper, right). In 
the middle of the new area is a pair of directives, d, d. On 
either side of this pair of directives are found two pairs of non- 
directives, c*, c® and c\ c\ Permanently incomplete new bound- 
ing mesenteries, (/), (/) (fig. 16), are formed paring with the 
old incomplete bounding mesenteries. These new incomplete 
mesenteries appear later than the complete mesenteries, and in 
many specimens represented in the tables, they were lacking at 
the time of killing. In later stages of regeneration they are 
invariably found. They are frequently present in the aboral 
region while lacking at. levels nearer the oral disc. This is the 
case in the specimen represented by figures 15 and 16. Other 
incomplete mesenteries develop in pairs in the exocoels of the 
new region. In three cases where both of the old bounding 
mesenteries are incomplete (nos. 4a, 4b of table 3 and no. 79 
of table 7) only eight complete non-directive mesenteries were 
regenerated, and in one case (no. 76, table 7), but six. In 
these specimens only one pair of complete non-directive mesen- 
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teri^ was formed lateral to the directive pair on one or 
both sides. 

When one of the bounding regions is occupied by a com- 
plete and the other by an incomplete mesentery, nine, seven, 
or five new complete mesenteries are formed. When nine 
are regenerated (as in no. 19a, table 5 and fig. 27), the new 
mesenteries consist of 'one pair of directives, a pair of non- 
directives on either side of these, a second pair of non-directives 
on the side toward the incomplete mesentery, and an additional 
complete mesentery pairing with the latter on the side toward 
the complete bounding mesentery. When but seven complete 
mesenteries are formed after division in one complete and one 
incomplete endocoel, the arrangement is the same as when nine 
are produced except that on the side of the incomplete mesentery 
two fewer complete non-directives are found. Sections, at two 
different levels, of a specimen (no. 66, table 6) regenerating in 
this way are shown in figures 12 and 13. Other specimens are 
represented in figures 11 and 19. In the case recorded as show- 
ing only five new mesenteries, two fewer are formed on each 
side. 

Where a directive mesentery lies on the boundary, the new 
bounding mesentery is a directive mating with the old one, and 
two pairs of non-directives are formed on that side of the wholly 
new directive pair (for instance, nos. 21a and 21b, table 4). In 
one case (no. 10b, table 2) the new bounding mesentery adjacent 
to the old directive was not, at the time of killing, developed to 
a stage where it could be distinguished from an incomplete 
bounding mesentery. 

On a side where an exocoel is involved in the division (for 
instance, nos. 54 and 84, table 5), regeneration is precisely the 
same as in a case where an incomplete mesentery occupies the 
boundary, except that no new bounding mesentery is formed. 
In none of the cases I have observed are there less than two 
pairs of non-directives on such a side. Two peculiar and in- 
teresting cases (nos. 18b and 22b, table 5) possibly illustrate 
the influence of the old bounding mesenteries on the regeneration, 
and suggests its limits. No. 22 was a specimen regenerating 



ASEXUAL REPRODUCTION IN SAGARTIA 


189 


from an experimental cut. Mesenteries of this regeneration are 
represented in table 5 by Roman type. The specimen divided 
into two parts, a and be, in incomplete endocoels of the first 
grade, but with the loss of one of the bounding mesenteries in a. 
Eighteen days after this division, fission again occurred in be, 
producing moieties b and c. On one side (the left in the table) 
this new fission plane passed again adjacent to the same old 
incomplete mesentery of first grade, which in this division 
passed to c. Meanwhile the normal number of mesenteries had 
been established, including the mate to this old bounding 
mesentery, now represented on the far right of the formula of b. 
The case of no. 18 is somewhat different. Here the division into 
a and be was followed after but two days by the separation of 
be into b and c. This occurred on one side along the boundary 
between old tissue ^nd that just beginning to regenerate. The 
early state of this regeneration at the time of the second division 
may have had something to do with the irregularities indicated 
by the queries as to original completeness or incompleteness of 
two of the mesenteries. Certainly, in the two days that elapsed 
between the divisions, few mesenteries could have been estab- 
lished in the earlier regenerating zone, and none would give any 
indication of their final state of completeness if this had been 
determined. It appears that, while a regenerated normally, pro- 
ducing a mate to its incomplete bounding mesentery, the corre- 
sponding regenerating zone of b shows no corresponding incom- 
plete bounding mesentery (w^hich would be represented on the 
far right of the upper rqw of the formula for no. 18b). Rather, 
the two regenerating zones have matched up together, with two 
complete mesenteries from either side of the boundary forming 
a new pair. It must be noted that the uncertainties of identi- 
fication in this case are such that great dependence must not be 
placed on the interpretation here suggested. Such a juxtapo- 
sition of two regenerating areas may account for the large number 
of mesenteries (including two pairs of directives) recorded in an 
apparently single regenerating region in specimens nos, 88 and 89 
of table 8. 
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From these statements it appears that the chief variations in 
number and arrangement of mesenteries on each side of a re- 
generating area are wholly dependent upon the old bounding 
mesentery on that side, except for two complete non-directives, 
which may or may not be present whatever the character of the 
bounding mesentery. 

Five specimens showing exceptional features in their regenera- 
tion are represented in table 8. Two of these specimens show 
an abnormally large number of new mesenteries,— one (no. 88) 
a second pair of directives, the other (no. 89) a second pair of 
directives and two additional pairs of non-directives. A third 
(no. 87) shows a new region which is normal except for the weak 
stage of development of the muscles in the pair of mesenteries 
in the position ordinarily occupied by the directives. These 
mesenteries extend to the esophagus, bu|| their longitudinal 
muscles are so weakly developed that the directive or non-direc- 
tive character of the pair cannot be determined. The fourth 
(no. 86) shows this pair of mesenteries extremely reduced. They 
do not reach the esophagus and show no evidence of longitudinal 
muscles. The fifth (no. 85) shows a reduction from the usual 
number of mesenteries, there being only one new bounding 
directive and two pairs of non-directives. An old regeneration 
zone in no. 40 (table 5) shows an excess of two mesenteries over 
the usual number. 

Neglecting the few exceptions (six in all) just referred to, we 
may say that in regeneration a new pair of directives is formed, 
approximately in the center of the new zone, and that on each 
side of this pair of mesenteries are formed one or two pairs of 
complete mesenteries plus an odd mesentery if required to mate 
with a bounding mesentery on the edge of the old part. Treating 
separately each lateral half of a new zone, the tendency in full 
regeneration is to produce on each side of the middle plane a 
directive and three non-directive mesenteries; if a complete old 
bounding mesentery is not present, additional mesenteries are 
forrned to mate with the odd new non-directive and with any 
old incomplete bounding mesentery. 
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TABLE 2 

FORHUU. 

INTXRIES 

OLD BODNMNQ MKS- 
ZNTEHIES 

} a 

d, C^C*, C* 

1 d, c* 

d, c^c^, c’cS (/) 
d, c}c^ 

d, c®c*, d 

d, c'c®, ch* 

c 

c 

i 

i 

(1) 

d 

n b 

A a.. 




1 

No. 3 

No. 4 



Table 2 gives, in a form favorable for reference, the normal 
regeneration formula of one side of the new area when the 
adjacent old bounding mesentery is a complete non-directive, 
c; an incomplete mesentery, (1); a directive, d; or when no un- 
paired old bounding mesentery is present. The symbols used 
are those adopted for the formulas of tables 3 to 8 (see explana- 
tion, p. 232), except that the complete non-directive mesenteries 
are numbered with exponent figures. Mesenteries represented 
by the same symbol in different regenerating regions correspond, 
in completeness or incompleteness, in location with respect to 
the new directive plane, in position of the longitudinal muscle 
bands, and, as will appear later, in size relations from a short 
time subsequent to their first appearance until the new com- 
plete mesenteries reach a degree of development equal to that 
of the old mesenteries. It mtist not be assumed, however, that 
the complete non-directive mesenteries designated by the same 
exponent are in all cases homologous (cf. p, 197). 

When less than the maximum number of mesenteries repre- 
sented in the above formulas are regenerated, two non-directives 
on either or both sides of the new directives are commonly lack- 
ing. The missing mesenteries are probably those designated & 
and The reduced number is found in approximately 50 per 
cent of all cases of regeneration following division in an endocoel 
of the first incomplete grade, but rarely following division in 
other planes. This is brought out in the right half of table 10. 
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It will be seen that the full number of mesenteries (4) in the, 
half of a regenerating zone adjacent to a complete non-directive 
bounding mesentery is found in 93 cases, the reduced number 
(2) in 3 cases. On the side of old incomplete bounding mesen- 
teries of the first grade the number of instances of the reduced 
number (3 mesenteries) is greater (22 to 21) than the number 
of cases of fuller regeneration (5 mesenteries). Toward incom- 
plete bounding mesenteries of second or third grade, no reduced 
numbers are found; and the same is true of regeneration follow- 
ing divisions in exocoels. No reductions of the type here con- 
sidered are recorded for regenerations after division in directive 
endocoels. The instance of regeneration of but five complete 
mesenteries under these conditions is no. 10b of table 3. This 
specimen shows an incomplete new bounding mesentery in place 
of the directive that would be expected to pair with the old 
bounding directive. 

It may be well to call attention here, on the one hand, to the 
rather fixed character of mesenteries and other structures added 
in regeneration - a set of structures only slightly variable except 
as modifications near the edges are necessary to enable this set 
to fit into normal Hexactinian order with old parts adjacent to 
the boundary— and, on the other hand, to the highly variable 
result of such a regenerative process superimposed upon the 
process of fission previouslj" described. The extremely variable 
number of complete mesenteries is thereby fully explained. 

From what has been said of the number of mesenteries found 
in the new region, it is clear that the production of new' mesen- 
teries does not continue indefinitely. On the contrary, the 
result of the process is strictly limited. In the following pages 
it will be show'll that the new mesenteries appear in a quite 
definite order. 


Order of development of mesenteries 

For my study of the order of development of mesenteries in 
regenerating regions, I have used such naturally divided speci- 
mens represented in tables 3 to 6 as show^ed sufficiently early 
stages of regeneration, and also some specimens that had been 
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actificially cut. Of the latter I have used only such as show 
clearly the distinction between new and old sectors and are not 
complicated by the presence of mesenteries extending through 
only part of the length of the column. 

About three days after fission has become complete, two 
mesenteries appear approximately in the middle of the space 
between the two old bounding mesenteries. This space may 
appear much like an ordinary endocoel (fig. 4), but is usually 
somewhat wider. At this stage the two new mesenteries are 
sometimes (as in the specimen referred to) united by their inner 
edges forming a loop. Occasionally they retain this connection 
until they are complete orally and have well-developed longi- 
tudinal muscles; but usually they soon separate at the tips, as 
indicated in figure 5, which represents a more aboral section 
of the animal shown in figure 4. Very soon after this two other 
mesenteries appear between the first two. This establishes a set 
of four mesenteries, which retain the same relative size nearly 
up to the time when they become complete. This set of four is 
a striking feature of the regenerating zone for a considerable 
period even after other mesenteries have appeared. It probably 
corresponds with the group of four mesenteries found in 8. 
davisi by Torrey and Mery (’04) and represented in figure 5 of 
their paper. These four mesenteries appear in their character- 
istic relations in the photographs shown in my figures 7 and 8. 

The inner members o! this set of four ordinarily become com- 
plete slightly in advance of the outermost ones. They form the 
directive mesenteries. The outer members of the set of four be- 
come complete and remain the nearest complete non-directives 
on either side of the new directive pair. They are the mesenteries 
referred to as in the account of the mesenteries of the new region, 
and are so labeled in the figures. The first four mesenteries of the 
new region are formed in the order described, no matter in what 
spaces division has occurred. The order of development of 
additional complete mesenteries, as well as their number, de- 
pends chiefly upon the old bounding mesenteries. 

As shown above (p.l86), on the side of a regenerating region 
adjacent to a complete old bounding mesentery, two additional 
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mesenteries destined to become complete almost invariably 
appear. One, lying nearer the bounding mesentery and de- 
veloping for some time slightly in advance of the other, becomes 
the mate of the old complete bounding mesentery. This is 
designated in the figures. The other complete mesentery 
becomes the mate of c\ It is referred to as c^ On the side of 
the new directive plane toward a complete old bounding mesen- 
tery the order of formation of the complete mesenteries is there- 
fore as follows: c\ d, c*, c\ This order is apparent, through 
differences in size of the mesenteries, in figures 9 and 10, repre- 
senting sections at different levels of a single animal. The 
order in which the new mesenteries become complete is some- 
what different from the order of their appearance, the directives 
usually being first to reach the esophagus, followed very shortly 
by cK very soon equals c® in size, and these two become con- 
nected with the esophagus at a somewhat later time. For a 
long time their inner ends are free from the esophagus near the 
aboral end of the latter. Occasionally the inner ends of 
and are united as described for the new directives. Instances 
of the stage where all of the new complete mesenteries except c* 
and are attached to the esophagus are represented in figs. 15, 
18, and 81. As has been previously remarked by Carlgren 
(^04, p. 52), it was probably this stage in regeneration which the 
Hertwigs (79, p. 82) took for a stage in ontogenetic development 
in the case of two specimens of Adamsia! 

On the side of the first set of four toward an incomplete old 
bounding mesentery, the next mesentery to appear is likewise 
destined to become the outermost complete mesentery of the 
new piece. The longitudinal muscle, when it appears, faces 
toward the new directives, whereas the muscle of the outermost 
mesentery adjacent to au old complete mesentery faces (see 
above) toward the old part. This mesentery is tr*. The next 
to appear is the one designated cK It is destined to pair with 
c*, the mate of c\ appears very slightly after or even simul- 
taneously with it. An incomplete mesentery, (i), appears ad- 
jacent to the incomplete bounding mesentery at a later period, 
as described below. 
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Whether the old bounding mesentery is complete or incom- 
plete, soon after the appearance of the mesenteries destined to 
become complete and about the time these reach the esophagus, 
pairs of the first order of incomplete mesenteries appear in the 
exocoels between d and and between and c*. This is shown 
in an early stage on the right sides of figure 13 and of figure 11, 
and in the older regenerating regions of figures 16 and 6, In some 
cases these pairs appear simultaneously, but commonly the pairs 
nearest the directives are slightly in advance of the pairs nearer 
the boundary. Considerably later, pairs of a second cycle of 
incomplete mesenteries appear in their characteristic positions, 
alternating with the pairs of both the complete and the incom- 
plete mesenteries of the first order. See, for instance, figures 17, 
27, and 28. In cases where the old bounding mesentery is an 
incomplete mesentery of the first grade, the new one (/) mating 
with it appears about the same time as the first cycle of 
incomplete mesenteries in the regenerating pai:t, but in nearly all 
cases as the first of the mesenteries of this order. It remains the 
largest mesentery of its cycle for a considerable period. This 
mesentery is shown in figures 13, 11, 16, and in the older re- 
generating region of figure 6. When, on the other hand, the 
old incomplete bounding mesentery is of the second order, the 
new incomplete mesentery (//) pairing with it appears much 
later, at about the same time as the incomplete mesenteries of 
the second grade in othW parts of the new region, usually as the 
first representative of this cycle. Two such new incomplete 
mesenteries may be seen in figure 17, An apparent exception 
is noted in connection with no. 80, table 7. It thus happens 
that one old and one regenerated mesentery, constituting a pair, 
may be definitely assigned to a certain cycle. Furthermore, the 
bounding mesentery is the only one of this cycle to be produced 
between the boundary and the nearest pair of new complete 
mesenteries, no incomplete mesenteries of higher grade being 
formed in this space. Consequently, after regeneration follow- 
ing division in an incomplete endocoel of the second order, the 
space including the boundary and lying between two adjacent 
pairs of complete mesenteries will lack incomplete mesenteries 
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of the first cycle unless a pair of these were included in the old 
part. As a result, normally divided and regenerated specimens 
occasionally lack a pair of incomplete mesenteries of the first 
cycle between two adjacent pairs of complete mesenteries. As 
will be shown later (p. 210), this involves the loss of an orange 
stripe, giving rise to an uneven number of these externally ob- 
servable features. An unexplained lack of a pair of incomplete 
mesenteries of the first cycle between two pairs of new complete 
mesenteries is evident in the specimen represented in figure 6. 
Home instances have appeared which show two pairs of incom- 
plete mesenteries of • approximately equal size unseparated 
by mesenteries of a higher grade, I have among my sections 
perhaps half a dozen examples of this anomalous condition 
(p. 212). 1 have no explanation for it. Neglecting incomplete 
mesenteries except the single bounding one, the order of appear- 
ance of new mesenteries on the side of the new directive plane 
toward an old incomplete mesentery may be indicated as 
follows: c*, d, c\ c^, (f). 

Soon after becomes complete orally, becomes equal to it 
in development, c- and c®, as in the case of division in a com- 
plete ciidocoel, become equal in size, but lag considerably behind 
their mates in becoming complete. Various stages in regenera- 
tion on this plan are represented in figure 6 (older regeneration), 
11 and 13 (reduced regenerations), and 15. 

I have few examples of early stages of regeneration where the 
old bounding mesentery is a directive. Two such cases indicate 
that the new bounding directive appears at a stage very slightly 
in advance of the paired incomplete mesenteries, i.e., at the 
same stage as an incomplete bounding mesentery. Examples of 
later stages show the bounding directive fully as well developed 
as the pair of directives in the middle of the new area. It is 
possible that the new bounding mesentery in such cases develops 
more rapidly in the intermediate stage about the time when it 
reaches the region of the oral disc and esophagus. 

I have no clear cases showing early stages of development 
after division in exocoels. One would expect the order of de- 
velopment to be the same in such cases as when division is in 
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incomplete endocoels, except for absence of new ‘bounding’ 
mesenteries. 

In the foregoing account, the determining influence of the old 
bounding mesenteries has prominently appeared. This influ- 
ence appears early, and finally results in an adjustment of old 
and new parts that restores in the bounding region the normal 
pairing of mesenteries of a given cycle, and, usually but not 
invariably, the regular alternation of pairs of different cycles. 

In connection with the mesenteric formulas of regenerated 
regions, a word of caution was given concerning assumptions of 
homology between mesenteries bearing the same designation. 
The reason for this may now be made clear. Mesenteries indi- 
cated by the same symbol in different formulas (table 2, p.l91) 
are similar in character, as directives or non-directives, in posi- 
tion of the muscle banners (toward or away from the directive 
plane), and in location with respect to other mesenteries. If we 
retain these designations but place them in the order of their 
development, we have the following as the chief formulas : 

No. la c\ d, 

No. lb d 

No. 2a c^ d, c\ c^, c*, (/) 

No. 2b c\ d, c^, [1) 

Formula no. lb differs from no. la in the absence of mesen- 
teries c* and c2. In formula no. 2b the third mesentery is desig- 
nated c\ but may really be homologous with of formula 
No. 2a. In that case the reduction here also consists in the 
suppression of and If this is correct, strict regard for 
homology would require that the mesenteries labeled in the 
lower part of figure 11 and on the left of figure 13 should be 
labeled c^. In one or two instances I have found mesenteries 
and c* in a very early state of development when the other com- 
plete mesenteries were united with the esophagus through the 
greater part of its length. Whether these would have attained 
full development or would have disappeared cannot be de- 
termined. In either event these cases may represent a condition 
intermediate between the more complete development and the 
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reduced regeneration, and may point significantly to and as 
the mesenteries omitted in the reduced type of regeneration. 
Comparing formulas no. la and no. 2a as given above, we find 
that the third mesenteries to appear are different. Under these 
circumstances it is impossible to decide which mesenteries of the 
two formulas are truly homologous. 

It will be noticed that, as described above, the members of a 
regenerating pair of complete mesenteries, except directives, do 
not appear simultaneously. Although attaining eventually to a 
condition of approximately radial symmetry, complete mesen- 
teries arise in regeneration in bilateral fashion, a member on one 
side of the directive plane corresponding in degree of develop- 
ment with one in similar position on the opposite side of the 
directive plane. There is no reason to suppose that the same is 
not true of the development of mesenteries in the metamorphosis 
from the larval state. The complete mesenteries of S. lucias, 
therefore, are all to be regarded as primary mesenteries, belong- 
ing to the first cycle of mesenteries, which is very generally 
found arising in a bilateral manner in the ontogenetic develop- 
ment of Hexactinians (cf. p. 207). Perfect bilateral symmetry of 
a regenerating region is often prevented through the influence of 
unlike old bounding mesenteries, or by unknown factors which 
cause the suppression, on one side of the directive plane, of 
mesenteries present on the other. 

Results of repeated fission and regeneration 

It has been shown that the products of fission in a group of 
specimens of kS. luciae vary greatly in numbers of siphonoglyphs 
and of complete mesenteries. The former were found in speci- 
mens recorded in tables 3 to 7 up to three, the latter up to 
thirteen. It has been shown, further, that there is added in 
regeneration a set of structures including a siphonoglyph and a 
pair of directive mesenteries, together with other mesenteries 
including mates to the old bounding mesenteries, The com- 
plete mesenteries on either side of the new directives may. vary 
from one to five, making possible a total addition in regeneration 
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of four to twelve. As a matt-er of fact, the smallest number 
added in any case of complete regeneration as recorded in these 
tables was five and the largest number eleven. 

The average results of repeated divisions and regenerations 
may be derived from the data at hand. On the right of table 
9 are given the numbers of mesenteries regenerated in zones of 
different types. The same data are given, considering sepa- 
rately each lateral half of a regenerating region, on the right of 
table 10. As explained in connection with the latter table, the 
average number of complete mesenteries in regenerating zones of 
all types is 8.4. It is obvious, therefore, that repeated divisions 
into two parts followed by regeneration will tend toward an 
average of approximately 17 complete mesenteries. Table 11 
exhibits the number of complete mesenteries after regenera- 
tion for the specimens recorded in tables 3 to 6, and the average 
number of such mesenteries for each siphonoglyphic class and 
for the whole. The latter average is 1^8. The fact that this is 
below the number toward which repeated division and regenera- 
tion tend, points to a still lower number of mesenteries in the 
form resulting from ontogenetic development. 

The average number of complete mesenteries, before division, 
of specimens represented in table 4 (including only those indi- 
viduals all of whose fission products were available for record) 
is 13.5, a number considerably below the average for all the 
specimens of tables 3 to 6. In each of the cases given in table 4, 
the two closely succeeding divisions resulted in rapidly increas- 
ing the number of complete mesenteries. Although it may be 
purely a coincidence that apparently multiple divisions have, in 
these observed instances, occurred in specimens with a low num- 
ber of complete mesenteries, it is possible that such divisions 
serve in an adaptive way to bring about a rapid increase. 
Whether this is correct or not, certainly the variations described 
for the processes of fission and regeneration are adequate to 
account for much wider variations in form of regenerated speci- 
mens than have been encountered. This indicates clearly the 
probability that there are correlations in these variations that 
are as yet unproved. 
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DISCUSSION OF REGENERATION IN HEXACTINIANS 

The only previous detailed accounts of radial regeneration of 
sea-anemones comparable with the foregoing are those of Carl- 
gren ('04 and '09) and Cary (Tl), I shall now review the work 
of these writers in so far as it bears upon the probti^s here 
considered. Carlgren dealt with the regeneration of Sagartia 
viduata, Metridium dianthus, and Aiptasia diaphana. Of 'the 
last-named species only naturally produced basal fragments were 
studied. In Metridium, the material considered of natural frag- 
ments, artificial pieces of the same character as those separated 
naturally, and pieces cut from the base of the parent polyp in 
such a way as to exclude, so far as possible, all tissue of the 
column and of the mesenteries. I shall refer to these last as 
‘basal pieces.' Of Sagartia viduata, which does not reproduce 
naturally by asexual methods, artificial fragments of various 
forms and sizes were used, including some ‘basal pieces.' 

Natural fragmentatioif in Metridium a^d Aiptasia consists in 
the separation from the parent polyp of a small portion of the 
base and adjacent wall of the column with the adhering parts of 
mesenteries. The fragment thus receives only a very small 
proportion of the material of the parent polyp. The products of 
division in S. luciae, while they may be far from equal, are, so 
to speak, of the same order of magnitude, and each contains 
some part of the base, column, esophagus, circle of tentacles, 
and set of mesenteries. 

Resorption of old mesenteries 

In Metridium and S. viduata degeneration of mesenteries is 
evidently a prominent feature of the process of reconstruction. 
In these forms, however, degeneration does not commonly go to 
the extent of eliminating all of the old, mesenteries. In Aiptasia, 
as stated by Andres ('82), rearrangement of mesenteries begins 
before the separation of the fragment from the parent. Carl- 
gren believes that degeneration of the mesenteries, also, begins 
before separation is complete. He leaves in doubt thejextent 
to which degeneration may go, since he was unable to determine 
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with certainty, in his sections, any boundary between old and 
new regions. His account is supplemented in this respect by 
that of Cary ('ll), who studied the regeneration of three species 
of Aiptasia. According to Cary, all of the old mesenteries are 
resorbed, first at the oral extremity of the piece and progres- 
sively down the column until they have disappeared entirely.* 
Cary studied the process of regeneration following pedal lacera- 
tion in another species (from Beaufort, North Carolina) that has 
been incorrectly known as Cylista leucolena. Presumably de- 
generation of the old mesenteries occurs in this species as in 
Aiptasia. Resorption of old mesenteries, with the possible ex- 
ception of occasional members torn during fission (seep. 171), 
does not occur in S. luciae. 

Sequence of new mesenteries 

A brief account of the various types of arrangement and order 
of appearance of the mesenteries in regenerating anemones, as 
described by Carlgren and Cary, will be followed by a discussion 
of Carlgren^s theories concerning the relation of these types to 
one another. 

Figure 35 shows the types of arrangement of complete mesen- 
teries found by Carlgren. Parts enclosed in the dotted lines 
indicate old regions, without an attempt to represent the number 

® After examining Carlgren’s original figures (’04, Taf. IX, Fig. 4 and 7) and 
text, I cannot agree with Cary (’ll, p. 94) that '4t seems very evident that all 
of the mesenteries shown in Carlgren^s Fig. 7, Taf. IX, are old ones which have 
come over in the fragment from the parent individual and which will never come 
to be a part of the permanent system of mesenteries of the actinian arising from 
the laceration embryo.” His interpretation of this figure may be correct, but 
the evidence for it is by no means conclusive. Criticism of another sort is due 
for Cary’s treatment of Carlgren'spaper in other respects. Glaring inaccuracies 
in interpreting the statements concerning the figures mentioned above are 
fortunately largely exposed by his quotation from the text. His mutilation of 
Carlgren’s excellent figures is not’ so obvious to anyone not having the latter’s 
paper at hand. Comparison with the originals of the figures (Cary, ’ll, pp- 92, 
93) purporting to be copied from Carlgren’s paper (’04, Taf. IX, Fig. 4, 7), reveals 
amazing discrepancies. To alter a figure in such fashion is a violation of the 
privilege of copying, even if modification be acknowledged; to do it without 
such admission is an offense against both the author, whose work is therehy 
misrepresented, and the reader, whose confidence is abused. 
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or character of the old mesenteries. Differences in size of the 
members of a pair of mesenteries in the diagrams of this figure 
indicate the order in which the mesenteries of the pair become 
complete. Table 12 sets forth the frequency with which these 
types occurred in regenerating pieces of different species. Cary’s 
regenerating specimens of Aiptasia and Cylista (?) belong to 
type IV. The cases I have given of regeneration in S. luciae 
which do not involve matching up of new with old complete 
mesenteries are of Carlgren’s types III, VI, or IL For con- 
venience in indicating the order of appearance of these mesen- 
teries, I have added to diagrams I and III the symbols by which 
I have designated mesenteries occupying corresponding positions 
with respect to the new directive plane. Using these symi^ols 
for the different mesenteries, we may construct formulas for the 
order of appearance as given by Carlgren in these different types, 
thus: 

(I) c^, c\ d, c^, 

(II) c\d,c\ 

(III) c\ d, c\ c^, cK 

Carlgren’s statements indicate that in (I) and appear nearly 
simultaneously. In (III), c* appears only slightly after c\ and 
very soon after c^. It will be seen that the sequence of mesen- 
teries, in development given for type (III), as well as the order of 
becoming complete, is the same that T have found to occur in 
S. luciae except in cases where a complete old bounding mesentery 
is present. 

Carlgren has proposed (’09, p. 41) an ingenious theory con- 
cerning the relations of the types of arrangement of mesenteries 
demonstrated in his regenerating specimens. For the arguments 
he produces in its support, the reader is referred to Carlgren’s 
paper. I shall here simply outline the theory. 

Types I, VII, IX, and X show clearly bilateral arrangements 
of the mesenteries in development. Type VIII is typically 
bi radial in form. Type I Carlgren takes to be the most primi- 
tive. It parallels the Edwardsian method of ontogenetic de- 
velopment except in that the presence of the old part inhibits 
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the so-called ventral pair of directives. Type II might be 
considered as having been produced by reduction from either a 
bilateral or a biradial condition, but Carlgren regards it as a 
modification of Type I through the failure to develop of the 
innermost mesenteries (d) there represented. According to this 
view, then, d of Type I is lacking in Type II, and of Type I 
becomes d of Type 11. Type IV is a combination of Types I 
and II, and Type X is the result of a doubling of Type I. Type 
VII represents an extreme expression of the tendency to the 
bilateral arrangement of mesenteries shown normally in Type 1. 
Type IX represents normal development, such as Type I, in a 
basal piece having no part of the old column to interfere with 
the^rmation of the ventral directives. In explanation of Type 
III it is assumed that there are here two regenerating regions, 
each similar to that of Type II. In one of these regions the 
directive mesenteries are replaced by mesenteries of the old 
part. Type VIII is similar to Type III, but lacks old parts 
which might occupy the position of one pair of directives. Type 
V is a mixture of Types II and III; Type VI, of I and III. 

It may be pointed out that the explanation for Type III is 
not entirely in harmony with the order of development of that 
type, but would demand the order and c\ d, and It 
seems to me, however, that we cannot profitably consider at 
present the more abstract questions of the relation between the 
biradial and bilateral types of development. We cannot expect 
to solve these problems of form determination from examination 
of data collected for other purposes and assembled into tables 
and diagrams. The most that can be expected of such material 
from this standpoint is that it may present definite problems and 
suggest favorable points of attack. 

One of these problems concerns in a concrete way the relations 
between the biradial and bilateral plans of regeneration. Carl- 
gren has shown that both types may occur in the same species 
or even in the same regenerating pieces, and he has made a 
beginning in ascertaining the conditions determining the plan of 
development. He has shown that in Metridium larger pieces 
containing part of the base, column and mesenteries develop, 
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almost without exception, according to the biradial plan; but 
pieces containing material from the base alone frequenUy de- 
velop on a bilateral plan. In S. viduata the same influence of 
the character of the material in the regenerating piece is found 
with a greater tendency, whatever the nature of the piece, 
toward a bilateral plan of development. It may be that the 
rounding up of the more homogeneous material of basal pieces 
results in conditions similar to those influencing the development 
of mesenteries in ontogeny. 

Siphonoglyphs and directive mesenteries 

We cannot go far in considering the relation between tffese 
different types of mesenteric development without being con- 
fronted with the more general question of the detennination of 
form in ontogeny and in regeneration. Carlgren^s discussion of 
the relation of Types I and TI suggests one of these, i.e., the 
governing influence of the siphonogl 3 rph. He puts forward (’09, 
p, 43) the idea that, upon the formation of the siphonoglyph 
during regeneration, this structure immediately determines 
that the pair of mesenteries latest formed in the same plane shall 
be directives, and that no other mesenteries shall be formed 
in this plane. According to this view, the difference between 
Types I and II is due to the earlier stage at which the new 
siphonoglyph is established in II. The latest bilateral pair of 
mesenteries formed at the time of the appearance of the siphono- 
glyph becomes the pair of directive mesenteries, and no new 
bilateral pairs arise except those mating with mesenteries already 
present to form radially placed non-directive pairs. 

My observations lend some support to this hypothesis in so 
far as it involves the determination of the directives by the 
siphonoglyph; but I believe that in S. lueiae delay in formation 
of a siphonoglyph does not lead to the production of more than 
two bilateral pairs of mesenteries adjacent to the potential 
directive plane. As I have already indicated, the siphonoglyph 
appears shortly after closure of the wound in the region of the 
mouth. At about this time some of the new mesenteries reach 
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the esophagus. Previously the longitudinal muscles of the new 
mesenteries are not apparent, but about the time these mes- 
enteries reach the esophagus the muscles rapidly develop and 
the directives are distinguishable from the non-directives. The 
order of events suggests that the development of mesenteries 
into directives is determined by the presence of a siphono- 
glyph. In a number of cases I have found a group of four small 
mesenteries with the characteristic proportions of the first four 
regularly formed in regeneration, but extending only a short 
distance up and down the column. Elsewhere the column wall 
and mesenteries gave no evidence of a division which might have 
given occasion for such a regenerating area, I interpret these 
>iPijegions of regeneration following comparatively slight injuries 
to the body wall. In most of the instances the mesenteries are 
small and have no indication of longitudinal muscles. In no 
case do mesenteries in these sets show the characteristics of a 
pair of directives. In one case apparently the two inner mesen- 
teries of the four have the characteristics of non-directives. In 
another instance two mesenteries only are formed. These are 
long and slender and show no longitudinal muscle bands. They 
reach the esophagus in a region where histological evidence of a 
siphonoglyph is not present, although there was a slight groove 
at that region of the mouth, as seen from the exterior ahd in 
sections, and although a narrow white line, indicative of the 
presence of a siphonoglyph, was to be seen in the living animal 
extending part of the way from the groove toward the tentacular 
zone of the disc. 

These observations suggest that the first four mesenteries 
which form so constant a feature of the regeneration of S. 
luciae arise independently of the siphonoglyph, and that con- 
trary to Carlgren^s hypothesis, no more mesenteries are formed 
adjacent to the directive plane even in the absence of a siphono- 
glyph. The order of events in S. luciae is as follows: fusion of 
edges of the column, appearance of a set of four new mesenteries, 
extension of these to the esophagus, formation of a siphonoglyph, 
development of longitudinal muscles in positions which mark 
out the inner members of the first set of four mesenteries as a 
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pair of directives. This order of events may be interpreted as 
an epigenetic form-determining series, in which event A leads 
to event B, etc. 

Inflmnce of old bounding mesenteries 

A most striking difference between the regeneration I have 
described for S. luciae and that of all the types given by Carlgren 
and Cary consists in the total absence from the latter of any 
variationascribedtotheinfluenceofold mesenteries. In Aiptasia, 
where old mesenteries are resorbed, and even in cases of Types 
IV and IX in S. viduata, where little or no old tissue belonging 
to mesenteries or column is present, the lack of influence of old 
mesenteries upon regeneration is not surprising. But in many 
other cases, in both S. viduata and in Metridium, well developed 
mesenteries apparently exert no influence over regeneration. 
The variations in arrangement of new mesenteries in the species 
described by Carlgren are of wholly different character from the 
variations seen in S. luciae, which are governed almost com- 
pletely by the mesenteries on the torn edges of the old piece. 
The influence of these bounding mesenteries in S. luciae is 
apparent in the earliest stages of regeneration. They have no 
obvious effect upon the directive mesenteries nor upon the first 
non-directive mesenteries, which precede the directives. The 
character of the bounding mesentery may, however, determine 
the nature of the third mesentery on either side. If the bound- 
ing mesentery is complete, this third mesentery becomes its 
mate and a fourth mesentery,* which becomes the mate of the 
first non-directive, very soon appears. If, on the other hand, 
the bounding mesentery is incomplete, the third mesentery is 
followed by a fourth and a fifth. The determination of the 
number of mesenteries is effected before these mesenteries have 
their longitudinal muscles developed. My impression, here as 
in connection with the determination of siphonoglyphs and 
directives, is that we have to do not with one, but with a num- 
ber of form-determining influences successively brought to bear. 
Some of these influences have been suggested, but we are far 
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from having any complete list of the factors concerned, and 
from understanding fully their order of effectiveness, much less 
their fundamental nature. 

Pairing of meseyiieries 

The tendency to form, ultimately, unilateral pairs of mesen- 
teries, i.e., pairs whose members lie on the same side of the 
directive plane, is apparently very strong (except in the case of 
directives) in the regenerating regions of all these species of 
anemones. This is especially evident in S. luciae, where it 
usually involves the matching up of regenerating mesenteries 
wi^ old ones. There is no evidence, however, that non- 
directive mesenteries destined to become complete ever arise in 
regeneration as unilateral pairs. In every case described, one 
member of the pair precedes in development. According to 
their manner of development, then, the complete mesenteries are 
what have been commonly refei;red to as ' primary’ mesenteries. 
They correspond in order of appearance with the ‘ Hauptscpten’ 
of the Hertwigs (’79, pp. 81, 88), with the 'protocnemes’ of 
Duerden (’02, p. 388), and with both the ^protocnemes’ and the 
‘deuterocneme’s of McMurrich {’10, p. 4), The first cycle of 
mesenteries arising as unilateral pairs in the primary exocoels 
are, then, secondary mesenteries. They are ‘metacnemes’ 
according to Duerden’s terminology and ^ zygocnemes’ in McMur- 
rich’s. As already stated, there is no evidence that the latter 
ever become complete in the forms whose regeneration has been 
studied. 


ORANGE STRIPES AND CINCLIDES 

* 

Some observations on the relation of the orange stripes to the 
processes of fission and regeneration in S. luciae have been made 
by Davenport (’03, pp. 140, 143). Her statements will be re- 
ferred to in connection with the evidence I have collected bearing 
upon the points involved. 

In a well-expanded living animal with brightly colored orange 
stripes it is not difficult to determine the relative positions of 
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siphonoglyphs, directive mesenteriea, and orange stripes. An 
orange stripe is invariably found opposite the siphonoglyph be- 
tween the lines of attachment of the members of the pair of 
directive mesenteries. As Davenport has stated, the orange 
stripes occur only m endocoels. Comparison of the number 
and position of the orange stripes as seen in the living animal, 
with the number and position of the mesenteries as found in 
sections, indicates that the orange strips lie between the mem- 
bers of pairs of complete mesenteries, and also, contrary to the 
statement of Davenport, of incomplete mesenteries of the 
highest grade. For instance, the specimen a section of which is 
represented by figure 17 showed ten orange stripes; those repre- 
sented by figures 19, 21, 22, and 26 showed twelve stripes each. 
In a regenerating specimen in which all the mesenteries and stripes 
of the new region are formed, the above statement holds (with 
rare exceptions to be mentioned later) for both new and old 
parts. 

The frequency with which division occurs in the endocoels 
occupied by orange stripes suggests the possibility that these 
stripes have some functional significance in the processes of 
fission or regeneration. It is clear, however, that the presence 
of such stripes is not essential to the normal progress of these 
processes. Specimens divide spontaneously in other regions, 
and the resulting pieces, as well as similar fragments artificially 
produced, regenerate readily. Furthermore, the related species, 
S. davisi, reproduces freely by the same method, yet is destitute 
of any such stripes. 

Davenport ('03, p. 143) calls attention to the fact that the 
cinclides occur on the stripes. I find, however, that they are 
not confined to the orange stripes. Figures 33 and 34 show 
three cinclides, clearly marked by protruding acontia, none of 
which are in positions occupied by orange stripes. In figure 19 
at X appears another cinclis, likewise not situated on an orange 
stripe. Under favorable conditions of lighting, the cinclides are 
readily visible on the living specimen wnth the aid of a hand lens, 
and their distribution may be accurately determined. They are 
found in vertical rows in all positions in which fission planes may 
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pass. That these openings affect the position of the division 
plane is possible but quite unlikely. If they are of significance 
in the location of the fission plane, their distribution should 
show some relation to the frequency of fission in different 
planes. As to this, no evidence is at hand. * 

The fact that cinclides are commonly located in other positions 
as well as on the orange stripes is evidence against the idea 
suggested by Davenport (^03, p. 143) that the presence of the 
stripes may '‘be considered as a case of warning coloration?’’ 

Orange siripee in fission and regeneration 

During the process of fission, an orange stripe lying in the 
endocoel cut by the plane of division has been observed, in a 
few cases, to be divided by the tearing of the column wall. After 
the division the narrow border of orange along the edges of the 
pieces must be promptly absorbed, for in no case observed has 
there been found early in regeneration an orange stripe on the 
boundary between the old tissue and the new, On the contrary, 
nine specimens in early stages of regeneration which were killed 
and sectioned after counting the orange stripes give clear evi- 
dence of lack of stripes in positions almost certainly containing 
them before the division. At the time these were killed none 
showed any orange stripes in the newest regenerating area. Of 
the nine individuals, six represent the paired products of three 
divisions (nos. 11, 13 and 14, table 3) and three are unpaired 
specimens (no. 30, table 6, a specimen represented in figure 9, 
and one other). All of the paired and two of the unpaired 
specimens showed division through two complete endocoels. 
The third unpaired specimen had divided through endocoels of 
the first incomplete grade. All divided in planes where orange 
stripes were to be expected. Furthermore, the paired specimens 
showed orange stripes in such numbers and positions as to 
occupy all regions, outside of the new area, in which they nor- 
mally occur, indicating that the orange stripes were probably 
fully formed before the division occurred. In none of these 
cases was there any evidence of an orange stripe marking the 
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endocoel on the boundary between new and old parts. In all of 
them the number of observed orange stripes corresponds with 
the number of complete and first order of incomplete endocoels 
lying wholly within the old part. Thus the specimen of which 
a section is shown m figure 9 had three orange stripes in the 
positions indicated diagrammatically in figure 36. The other 
unpaired specimens showed five and seven orange stripes, 
respectively, corresponding with the number of undisturbed 
endocoels normally bearing stripes. Each of the pairs had three 
orange stripes in one member and seven in the other similarly 
situated. The indication given by these nine specimens is 
that an orange stripe lying in a space cut by a plane of fission 
is lost. 

In regeneration following division through an endocoel occupied 
by an orange stripe, a new stripe is finally developed in the 
bounding endocoel in addition to those formed in endocoels 
lying entirely within the new region. Were this not true, com- 
plete endocoels lacking orange stripes would be common, 
whereas they are actually exceedingly rarely, if ever, found. 
The formation of new bounding mesenteries, when division 
occurs in one of the lower grades of incomplete endocoels, has 
already been described (p. 195), the result being that the mesen- 
teries of a pair enclosing the boundary between new and old 
regions are of the same grade. The bounding endocoel conse- 
quently may be definitely designated as belonging to a certain 
cycle. When this bounding endocoel is of the second incomplete 
grade or of a lower order, no orange stripe is formed in it. The 
endocoel on the boundary between new and old regions, is, 
then, no exception to the general rule that orange stripes are 
formed in endocoels of the complete mesenteries of the first 
cycle, but not of lower cycles. In support of this statement I 
may cite a number of examples. Anemone no. 82, table 7, a 
section of which is shown as figure 17, had divided through in- 
complete endocoels of the second grade or possibly lower. This 
specimen, when killed, had ten equidistant orange stripes, 
equaling the number of endocoels of the first two cycles. Evi- 
dently there were no orange stripes in the bounding endocoels. 
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Specimen no. 80, table 7, gives similar evidence. The mimber 
of orange stripes and their position in relation to the new area 
as observed before killing are shown in figure 37. It was noted 
that possibly one of the orange stripes, here represented as 
lying within the new area near one boundary, might be an old 
stripe. Study of sections shows in the old part a pair of di- 
rective mesenteries and an adjacent pair of non-directives of the 
first incomplete grade, the plane of fission passing through 
secondary incomplete endocoels lying lateral to these. The 
two old and nine new orange stripes correspond in position with 
the complete endocoels and the incomplete endocoels of the 
first cycle. Evidently orange stripes were not produced in the 
secondary incomplete endocoels occupying the boundary. As a 
result of this position of the division plane, on one side there is a 
space between two pairs of complete mesenteries that does not 
contain a pair of incomplete mesenteries of the highest grade. 
In all probability there was no orange stripe in this region— two 
adjacent orange stripes occupying complete endocoels. This 
illustrated the seldom realized possibility of the normal pro- 
duction of a fully regenerated specimen with an odd number of 
stripes, one less than twice the number of pairs of complete 
mesenteries. Another specimen showed exactly the same ar- 
rangement of complete mesenteries, incomplete mesenteries of 
the first order, and orange stripes, but with the position of the 
bounding planes no longer evident. Another specimen with 
twenty-one orange stripes and eleven pairs of complete mesen- 
teries is similarly explained. Sections of this individual give 
evidence of two regenerating regions, both in a very late stage. 
Probably three of the four division planes involved passed 
through complete endocoels; one evidently cut an incomplete 
endocoel of the second order. Both old and new mesenteries 
bounding the latter endocoel are clearly of the second order. 
This is the only region bounded by pairs of complete mesen- 
teries in which representatives of the first cycle of incomplete 
mesenteries are lacking- Undoubtedly this accounts for the 
lack of one orange stripe from the number usually found in a 
specimen with eleven pairs of complete mesenteries. Anemone 
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no. 54, table 6, showed ten orange stripes and (internally) six 
pairs of complete mesenteries. On one side the boundary 
between old and new evidently lies in an incomplete endocoel of 
the second or lower grade. This accounts for the lack of one 
orange stripe between two adjacent pairs of complete mesenteries. 
On the other side an undisturbed old incomplete endocoel of 
apparently the first order is present, and an orange stripe would 
be expected there. In the absence of an orange stripe in this 
region, one is driven to consider the possibility of this pair’s 
belonging really to the second order of incomplete mesenteries 
rather than to the first cycle of which it i^ apparently a member. 
In that case four cycles of incomplete mesenteries must have been 
present. If this is so, division must have occurred in an exocoel. 
Both the presence of four cycles of incomplete mesenteries and 
divisions in exocoels are uncommon occurrences, and this com- 
bination is consequently improbable and the explanation un- 
satisfactory. 

In the specimens just described, orange stripes were not found 
on the boundary between old and new regions when this lies 
between members of the second cycle of incomplete mesen- 
teries. If this always held true and the incomplete mesenteries 
were invariably regularly placed, we should never find orange 
stripes associated with two pairs of incomplete mesenteries not 
separated by a pair of complete mesenteries. It has been 
shown previously (p. 19G.) that irregularities in the first cycle of 
incomplete mesenteries are occasionally found. Thus two pairs 
of incomplete mesenteries of the largest size with no complete 
mesenteries separating them were found in three specimens on 
which counts of orange stripes gave odd numbers. Regeneration 
was apparently complete in these cases, and the number of 
stripes is such as to lead one to suppose that in each case one 
occupies the additional incomplete endocoel. In these instances 
a reduction from the typical number of orange stripes, which is 
double the number of pairs of complete mesenteries, or an 
excess over the typical number, corresponds with a departure 
from the normal number of incomplete mesenteries of the first 
order. 
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For the sake of completeness, two specimens showing still 
wider variations from the typical conditions should be described. 
One of these on which ten orange stripes were counted shows 
mesenteries that would account for but eight. The other two 
stripes may have been situated in a broad expanse of the body 
wall between two pairs of complete mesenteries, in which are 
seen one pair of large incomplete mesenteries and an irregular 
lot of small ones, of doubtful history. They vary in number 
and in size at different levels. I have no explanation to offer 
for the presence of this group of mesenteries or of the stripes 
associated with them. The other specimen showed a single 
stripe in its older part and none in the newer region. Sections 
revealed five pairs of complete mesenteries and three complete • 
mesenteries whose mates were not yet complete, A specimen 
with mesenteries present in such numbers and degrees of 
completeness would ordinarily show at least seven orange 
stripes. 

In the preceding paragraphs are described all of the specimens 
I have observed and sectioned which constitute exceptions to 
the general statement that the number of orange stripes in an 
undivided or fully regenerated specimen is twice the number of 
pairs of complete mesenteries. Of the nine such exceptions, 
three, showing one less than the typical number of stripes, are 
explained on the ground of division in an incomplete endocoel 
of second or lower grade resulting in elimination of one endocoel 
normally occupied by an orange stripe; three with an extra 
orange stripe show, each, an additional unexplained pair of in- 
complete mesenteries of apparently the first order in whose en- 
'docoel the supernumerary stripe probably lay; while three show 
wholly unexplained deviations from the normal relations of stripes 
and mesenteries. Over against these exceptions must be urged 
the significance of forty-nine specimens on which the number of 
orange stripes as determined before killing was exactly double 
the number of pairs of complete mesenteries as ascertained by 
examination of sections. Undoubtedly in these cases the orange 
stripes occupied the complete endocoels and incomplete en- 
docoels of the first order only. These forty-nine specimens show 
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great diversity in features other than the relation of stripes to 
mesenteries. Thus two have eight stripes; eight have ten 
stripes; twen^-three have twelve stripes; five have fourteen 
stripes; nine have sixteen stripes; one has eighteen stripes, and 
one has twenty stripes. Also thirty-six are diglyphic; twelve 
are monoglyphic, and one is triglyphic. Four, of which one is 
represented in figure 26, show no evidence of having undergone 
division, while the others give more or less evidence of regenera- 
tion, and a few show clearly the precise position of the plane of 
fission. Of the latter, some represent divisions in complete en- 
docoels, some in incomplete endocoels of the first grade, and 
one, of which a section is represented in figure 17, in incomplete 
•‘endocoels of the second order. Most of the specimens are 
biradially symmetrical, but a number depart from this con- 
dition. The triglyphic specimens and diglyphie individuals with 
an uneven number of pairs of complete mesenteries cannot be 
strictly biradially synametrical. It is clear, therefore, that in 
nearly all cases undivided specimens, or those in advanced 
stages of regeneration, have orange stripes corresponding in 
number and position with the complete endocoels and the 
highest order of incomplete endocoels. 

The number of incomplete endocoels of the first grade being 
almost invariably equal to the number of complete endocoels, 
the number of orange stripes is twice the number of pairs of 
complete mesenteries in the overwhelming majority of cases. 
Nevertheless, in any given population of this species one finds a 
large propoftion of specimens showing an odd number of orange 
stripes. These are to be accounted for, in small part, on the 
basis of the irregularities in arrangement of the incomplete 
mesenteries described above (p, 211), Thus the exclusion of a 
pair of incomplete mesenteries of the first cycle from a primary 
exocoel owing to a division in an incomplete endocoel of second 
or lower grade adjacent to a pair of complete mesenteries, would 
reduce by one the number of orange stripes in the fully re- 
generated individual. Again, the unexplained duplication of 
ncomplete mesenteries of apparently first grade was shown to 
be associated with an extra orange stripe. By far the greatest 
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number of specimens showing odd numbers of stripes are speci- 
mens which have recently divided and have either developed uo 
new orange stripes or have produced, at the time of observation, 
less than the full set to be acquired. 

The number of the new orange stripes gives some idea as to 
the completeness of the regeneration. From what has been said 
of the number of mesenteries regenerated and of the relation 
of orange stripes to mesenteries, it is evident that the number of 
new orange stripes may vary from five to eleven. In case of 
division in one or two directive endocoels, twelve or thirteen 
are possible numbers. Numbers below seven or above eleven 
are, however, distinctly uncommon for single completely re- 
generated areas. Below seven it is likely that the stripes of the 
new region are not fully formed. Above eleven — unless one of 
the orange stripes on the boundary between new and old lines 
is opposite a white line on the oral disc and therefore occupies 
a directive endocoel — it is almost certain that the new area con- 
sists in fact of two regenerating zones of not very different age. 

The number of mesenteries regenerated is such that repeated 
fission and regenerations (p. 198) wou d tend toward an average 
condition with about seventeen complete mesenteries. Since the 
complete mesenteries are always paired and correspond, with 
rare exceptions, with the orange stripes, we may say that the 
tendency is toward approximately eight pairs of complete 
mesenteries and sixteen orange stripes. Division followed by 
complete regeneration would rarely give rise to individuals with 
fewer than seven orange stripes, and never with fewer than 
five. The great majority of individuals with small numbers of 
orange stripes have not completely regenerated, while even 
among specimens with high numbers of stripes many have not 
yet completed the regeneration. 

As to the order in which orange stripes appear in the new 
region, I have little information. Frequently the presence of 
stripes may be ascertained while as yet they are so faint in 
color and so close together that the number cannot be de- 
termined. At a somewhat later stage there is some reason to 
believe that stripes are present in . complete endocoels when as 
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yet none can be seen between the members of pairs of incom- 
plete mesenteries. One of my specimens indicates this. It was 
described, while living, as a triglyphic individual with three old 
orange stripes and eleven on the boundaries, or within, the new 
area (fig. 41). Sections show normal positions for the three old 
stripes. The sections also demonstrate that the regenerated 
area is composed of an older and a newer part. The three 
division planes are all in complete endocoels. Including the 
bounding endocoels there are in the new tissue eight complete 
endocoels. In the older regenerated part there are three pairs 
of incomplete mesenteries, all of the first grade, no mesenteries 
of a lower grade being present an 3 ^here in the regenerated 
portion. In the most recently formed part there are four pairs 
of incomplete mesenteries. The relative position as well as the 
number of the orange stripes makes it probable that the eleven 
new orange stripes occupied all of the complete endocoels and 
the incomplete endocoels of the original piece and of the older 
regenerated area only. It is probable that new orange stripes 
would later have appeared in the incomplete endocoels of the 
first grade of the newest region. Another regenerating specimen 
showed externally ten orange stripes, whereas sections revealed 
six pairs of complete mesenteries and six pairs of incomplete 
mesenteries of the highest grade. It is probable that two of the 
second grade of incomplete endocoels in the new region lacked 
orange stripes at the time of observation. I have no clue as to 
which of the endocoels lacked the stripes. 

The forniation of orange stripes first in the complete and later 
in the first grade of incomplete endocoels would correspond with 
the order of development of the mesenteries of the regenerating 
region. This order of development of the stripes is in harmony 
with the statement of Davenport (^03, p. 143, and fig. 2) that 
new orange stripes appear between old ones. It cannot be too 
positively stated, however, that this formation of new stripes, 
as well as the production of new complete mesenteries, is con- 
fined to regenerating regions, and that the process is strictly a 
determinate one. After the formation of the group of complete 
mesenteries heretofore described (pp. 185to 192) and of the first 
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cycle of incomplete mesenteries alternating therewith the 
number of orange stripes is absolutely limited and their positions 
are determined. The only occasion thereafter for the formation 
of new complete mesenteries and new orange stripes is a division 
initiating a new regeneration. 

EXTERNAL INDICATIONS OF INTERNAL STRUCTURES 

Much information concerning internal structures may be ob- 
tained by a consideration of all the external features of indi- 
vidual anemones. Differences in ground color of the column wall 
or in the width or intensity of color of the orange stripes per- 
sisting in spite of changes in the state of expansion of the speci- 
men, especially if associated with unevenness in length, breadth, 
or whiteness of the white bars, give indication that fission has 
occurred^ and that regeneration is in progress. These features 
may, especially in the earlier stages of regeneration, present 
differences sufficiently sharply marked to indicate the precise 
boundary between old and regenerating tissue. An obstacle of 
no little importance is the liability of unequal contraction in 
different parts of the wall of the column to alter for the moment 
the intensity of all colors and the relative positions of the 
stripes. The intensity of coloration of the new as compared 
with the old part, the width of the new sector, and the presence 
or absence in it of a new white bar or of new orange stripes, give 
basis for judging within broad limits the stage of regeneration 
of internal parts. Frequently the presence of three or more 
sectors of different ages may be readily determined, and the 
different sectors may show various stages of regeneration. When 
two regenerating areas of nearly the same age lie adjoining each 
other, it is often difficult to recognize them as two. In certain 
cases it is practically impossible to distinguish by external 
observation the constituent parts of such a double regeneration. 
.Whenever the number of orange stripes of an apparently single 
regenerating region exceeds eleven, it is almost certain that two 
regenerations are involved. When the orange stripes are faint 
or when they are less than seven in number in a given regenerating 


THi: JOCHNAL OP BSPERIMENTAI. Z06U)QT. VOL. 2S, KO 2 



218 


DONALD WALTON DAVIS 


sector, there is ground for suspicion that not all of the orange 
stripes of the zone have appeared, or that a part of the regen- 
erating region has been separated off in a later fission. As 
previously stated (p. 167), there is danger, especially in faintly 
colored specimens, of counting as an orange stripe the narrow 
space representing the union of the torn edges shortly following 
a division. This is especially likely in faintly colored indi- 
viduals. It should be constantly guarded against when count- 
ing stripes. When no slightly developed regenerating area is 
present the internal structure may in most cases be accurately 
inferred from the number of orange stripes. Thus Davenport^s 
('03) figure. 11 represents probably a specimen possessing material 
of four different ages. The oldest shows three orange stripes; 
the next oldest, two; the third, six, and the most recently formed 
area, nine. All except the last formed sector have been partially 
removed in the divisions which initiated the later regenerations. 
If, in addition, the number and position of white bars on the oral 
disc were known (thereby locating the directives), still other 
details might be surmised. Under favorable conditions even the 
incomplete mesenteries of second and later cycles may be 
identified through the column wall after complete mesenteries 
have been located. It should be clear, then, that careful exami- 
nation of living specimens of S. luciae enables one to distinguish 
recently divided specimens and to estimate approximately the 
stage reached in the regenerating region ; and, in specimens that 
have not recently undergone fission, to infer quite accurately 
and in detail the number, character, and positions of the 
mesenteries. 


COMPOSITION OF NATURAL GROUPS 

We may now look into the composition of colonies of this 
species and consider to what extent this composition is affected, 
or accounted for, by the processes of asexual reproduction de- 
scribed. This examination should also yield information con- 
cerning the sexually produced form of the species. With these 
questions in view, I have studied natural groups of individuals 
taken at different seasons from a variety of situations around 
Woods Hole. 
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Siphonoglyphs 

The condition of these groups as regards number of siphono- 
glyphs is represented in table 13, These are referred to as 
*unselected^ specimens, but the conditions under which the 
collecting was done and the counts made allow of a considerable 
degree of selection in addition to the normal errors of random 
sampling. Each lot consists of a portion of a natural group of 
individuals collected at one time from a closely restricted 
locality, such as a single stone or a few stones of similar quality 
lying near together. Each lot was either taken immediately 
into the laboratory and examined or, when collected during the 
winter, taken to Cambridge and studied there. In order to 
determine the number of siphonoglyphs it was, of course, 
necessary to wait until the animals expanded, exposing the oral 
disc. Naturally, also, many of the specimens were expanded 
at one time and the removal of a few whose condition was 
noted caused many , others to contract, necessitating much delay 
in completing the count. There was opportunity for uncon- 
scious selection because many were open at a time and because 
some show their condition clearly at a glance while others require 
close examination to reveal the state of their siphonoglyphs. In 
a few cases sections were necessary to determine the number of 
siphonoglyphs. Experience shows that external examination is 
not wholly reliable for this purpose and that, in case of any 
irregularities in the mouth region (cf. fig. 1, 4), only sections 
can give certain information. In each lot some specimens per- 
sistently failed to expand; some left the stones and were lost; 
and some underwent division probably as a result, in part, of 
the change in environment. The errors from all of these sources 
together undoubtedly render this table useless for any precise 
statistical analysis. Furthermore, the great variation among 
different lots indicates that, even if the accuracy of the numbers 
shown could be depended upon, the total numbers are much 
too small. Nevertheless, some idea of the relative magnitude of 
diglyphic, monoglyphic, and other classes may be obtained from 
the numbers given. As shown in the table, these groups gave 
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1101 diglyphic, 112 monoglyphic, 61 triglyphic, and 4 tetra- 
glyph'c individuals. It will be understood that all stages of 
regeneration were represented in specimens of these lots, and 
that consequently many specimens in early stages of regeneration 
failed to show siphonoglyphs that nevertheless would certainly 
develop n the middle of the new region (p. 183). Such potential 
siphonoglyphs were, of course, counted just as if they were 
actually completed. 

Mesenteries 

No attempt has been made to determine directly the number 
of mesenteries in numbers of individuals. Remembering the 
relation shown to exist between mesenteries and orange stripes, 
the counts of stripes presented hereafter have some significance 
from this standpoint. Consideration has been given, however, 
to the number of mesenteries of apparently undivided diglyphic 
specimens. Of the 1101 diglyphic individuals in the groups 
represented in tablet 13, 63 failed to show in the living state 
satisfactory signs of division. Forty-one of these were sec- 
tioned and studied for internal evidences of division. Among 
these, thirty gave unmistakable evidence of the sort already 
described (pp. 169, 170), five showed slight irregularities such as 
are commonly associated with fission and regeneration, while six 
were forms without any irregularities to indicate unlike ages of 
different parts. Of the six last mentioned specimens, five were 
biradially symmetrical with six pairs of complete mesenteries, 
and one had eight pairs. One with six pairs of complete mesen- 
teries is represented in figure 26, Of the five slightly irregular 
and therefore possibly undivided specimens, two possessed six 
pairs of complete mesenteries, two had eight pairs, and one 
showed ten, all being strictly biradially s 3 Timietrical, These 
numbers are small, and their interpretation must be modified by 
the fact that, among fully regenerated forms, regularly hexa- 
meric individuals with twelve orange stripes (and by infer- 
ence six pairs of complete mesenteries) are more numerous than 
other forms. It can, at most, be said that, among apparently 
undivided specimens, a regular form with six pairs of complete 
mesenteries is the most common type. 
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Orange stripes 

The factors concerned in the determination of the number of 
stripes apparent on a given individual at a particular time are 
such that any mere enumeration of orange stripes in a set in- 
cluding recently divided individuals is of highly questionable 
significance. Nevertheless, a study of a tabulation of counts of 
orange stripes may yield suggestive results and may be made 
an occasion for pointing out further the effect of processes of 
asexual reproduction upon the external appearance of specimens. 

Counts of orange stripes made upon four lots of specimens 
collected at Woods Hole are given in table 14, and the totals 
obtained by adding the first three are plotted in figure 42. In 
figure 42 are given, also, data published by Davenport (’03). 
If we look at the solid line in figure 42, representing a summary 
of my counts of July and September (lots 1, 2 and 3), we see 
that, beginning with twelve, the higher even numbers of stripes 
are represented by more individuals than the odd numbers. This 
is in harmony mih the greater number of completed regenerations 
in the classes with higher numbers of stripes. The odd numbers 
here probably represent chiefly uncompleted regeneration. Be- 
low twelve, the odd numbers of orange stripes are most a!)undant. 
This is particularly true below eight. Among those lower num- 
bers, recently divided specimens form probably the greater pro- 
portion of individuals. The predominance of odd numbers 
among these classes is in all likelihood chiefly due to those speci- 
mens which have formed no new stripes. With the relative 
positions of orange stripes and mesenteries of different orders 
in mind, it is obvious that divisions in two complete endocoels 
or two incomplete endocoels of the first grade would give usually 
odd numbers of old stripes; divisions in one complete endocoel 
and one incomplete endocoel of the highest grade v.^ould ordi- 
narily give even numbers of old stripes; while divisions in other 
planes might give either even or odd numbers. The relative 
frequency of divisions in different planes (table 9) is such as to 
make the expected ratio of odd to even numbers of old orange 
stripes approximately 4:3. It is possible that during the 
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progress of regeneration of the stripes there is a tendency further 
to increase temporarily the proportions of instances of odd 
numbers. 

Comparison of the data for the separate lots is rather sug- 
gestive. Lots 1 and 2, collected July 12 and 18, respectively, 
differ in that the earlier lot includes a slightly larger proportion 
of specimens with a very low number of stripes indicating re- 
peated, rapidly succeeding divisions, while the later set shows a 
few more individuals with high numbers of stripes indicating 
more nearly completed regenerations. Lot 3, representing a 
group collected September 22 from the same place as lot 2, 
shows a relatively^ much greater number of individuals with 
twelve or more stripes. In this group the mode is at twelve 
with prominent secondary modes at fourteen and sixteen and 
only lower modes at seven and five. This indicates progress in 
regeneration with less frequent divisions since the collection in 
July. Lot X represents a group of specimens selected for their 
large size. The distribution as shown in the table suggests that 
the group is composed of specimens that have, for the most part, 
completely regenerated. Examinations of my records, which 
show for each individual the number of stripes in areas of all 
different ages, confirms this suggestion, Davenport’s curve ap- 
parently represents a group of individuals of which a very large 
proportion have recently divided. It includes a few specimens 
with more than twelve orange stripes and a large number with 
twelve, but the great bulk of individuals show fewer than ten. 
Davenport gives no indication of the time at which these speci- 
mens were collected. The large number of individuals with few 
orange stripes, in connection with my curves, suggests the prob- 
ability that they were collected early in the summer. Among 
the groups below ten Davenport’s curve in contrast with mine 
shows an excess of specimens with even numbers of stripes. A 
possible partial explanation of this lies in the readiness (p.l67) 
with which the line of fusion of cut edges soon after division may 
be mistaken for an orange stripe. One stripe thus added in a 
certain proportion of cases would alter the relative numbers of 
specimens with odd and even numbers of stripes from the state 
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shown in my groups to that given by Davenport’s series. The 
large number of recently divided specimens in the latter’s series 
would make this error possible in a large number of cases. The 
cases figured by Davenport (’03, figs. 3 to 7) are evidently in too 
early a stage of regeneration to permit of any difficulty on this 
point; but it would be encountered in dealing with slightly later 
stages. If we assume twelve to be the number of stripes typical 
of specimens resulting from ontogenetic development (see p. 225 
for discussion of this point), the large number of specimens with 
twelve stripes as compared with those having higher numbers 
suggests the likelihood that there were included in Davenport’s 
collection an unusual proportion of undivided specimens. In 
this connection the length of time the species has inhabited the 
region concerned may be significant. Possibly the entrance of 
S. luciae into a region and its establishment there is accomplished 
by migration of larval forms, while the propagation of the 
species in a region already occupied is much more largely 
brought about by the asexual method. That asexual repro* 
duction has been in progress for a shorter time in the group 
studied by Davenport than in my lots is indicated by the rela- 
tively small number of specimens with more than twelve stripes, 
since I have shown that repeated regenerations tend toward 
the production of an average condition with about seventeen 
stripes. 

FORM RESULTING FROM ONTOGENETIC DEVELOPMENT 

From what has been said it is evident that no form as regards 
number of siphonoglyphs, mesenteries, or orange stripes cer- 
tainly distinguishes regenerated individuals from those that have 
not undergone fission. The development of transforming em- 
bryos must actually be followed to get unquestionable evidence 
as to the form resulting from that process. I have made a 
rather careful search of certain restricted localities at all seasons 
of the year for such specimens with little success. The dates of 
my special searches at Woods Hole were January 21, 1905; 
July 12 and 18 and September 22, 1909; November 28, 1910; 
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March 31, April 30, May 30, and June 29, 1911. I have had 
opportunities at various other times for less careful observations 
of localities in which this species occurs. The only recently 
transformed anemone I have found is a very small and nearly 
colorless specimen collected at Woods Hole August 4, 1909. 
This specimen showed no trace of the greea color or orange 
stripes of the column, or of the white line on the oral disc char- 
acteristic of S. luciae. Whether it belongs to this species, to 
Cylista leucolena, to Metridium marginatum, or to still another 
of the species of anemones found at Woods Hole, cannot be 
stated. In the absence of color it resembles C. leucolena, but 
we have no reason to believe that at this stage either S. luciae 
or M. marginatum have developed their characteristic colors. 
Whatever its proper classification, this anemone was symmetrical 
and diglyphic and had nearly attained a regular hexameric con- 
dition of the mesenteries. Each pair of complete non-directive 
mesenteries, however, had one member incomplete — that mem- 
ber lying in all cases toward the same end of the chief transverse 
axis. It is therefore in a stage intermediate between the Ed- 
wardsia condition and the regularly hexameric form. Even 
were it determined that this specimen represents a stage in the 
development of S. luciae, it is by no means certain that the 
attainment of the condition with six pairs of complete mesen- 
teries would mark the end of its ontogenetic development. This 
specimen therefore throws no direct light upon the present 
problem. It does, however, suggest possible directions in 
which evidence may be found, and the circumstances connected 
with it indicate some of the difficulties in the way of a complete 
solution. The apparent scarcity of developing embryos em- 
phasizes the impression that the extraordinary method of 
asexual reproduction is the chief and highly successful means of 
perpetuating this species and increasing its numbers. 

In Hexactinians six is the most common fundamental number 
of pairs of complete mesenteries, as two is the typical number of 
siphonoglyphs. I have shown (p. 220) that such a form is the 
commonest one among apparently undivided specimens of S, 
luciae. I have sho^vn further (p. 198) that while successive 
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divisions and regenerations in this species tend towardacondition 
with an average of approximately eight pairs of complete meseiu 
teries and sixteen orange stripes, the actual averages in the 
populations studied are less than eight and sixteen. This is 
presumptive evidence that the form resulting from ontogenetic 
development possesses fewer than eight pairs of complete mesen- 
teries and fewer than sixteen orange stripes. It appears from 
the statements of Davenport (’03, p. 143 and fig. 1) that twelve 
is a common number of pairs of complete mesenteries. This is 
clearly an error. Among several hundred sectioned specimens 
I have found but two with twelve pairs. These are both tri- 
glyphic individuals and both show clear evidence of having 
divided. I have not seen a single biradially symmetrical speci- 
men Vith twelve pairs of complete mesenteries. Such a speci- 
men would normally have twenty-four orange stripes, whereas 
the highest number recorded by Davenport or myself is twenty- 
two. It seems likely that Davenport mistook incomplete 
mesenteries of the first order for complete ones. This is the 
more probable since she indicates that the specimens described 
as having twelve pairs of complete mesenteries have twelve 
orange stripes, the number which I have shown to be character- 
istic of a form with but six pairs of complete mesenteries. Con- 
sidering all the evidence at hand, it is probable that the sexually 
produced form is a diglyphic one with six pairs of complete 
mesenteries, six ‘pairs of incomplete mesenteries of the first 
order alternating with these, and twelve orange stripes occujiy- 
mg these two sets of endocoels. Specimens of this form may 
also be produced by regeneration following fission, and all normal 
departures from this typical form are due to asexual reproductive 
processes. 

SUMMARY 

Sagartia luciae is typically Hexactinian in form and structure 
except for the wide variation in number of siphonoglyphs and 
of pairs of mesenteries. The number .of siphonoglyphs and of 
associated pairs of directive mesenteries varies from one to five. 
The number of pairs of complete mesenteries including the 
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directives varies from five to twelve. Three or four grades of 
incomplete mesenteries may be found (p. 164 and tables 1 1 and 13) « 

Asexual reproduction in this species occurs by a process of 
aboral-oral fission with subsequent regeneration (p, 167). In 
this process movements of parts of the basal disc in opposite 
directions ,are initiated, centering in two or more isolated re- 
gions. These movements place the intervening tissues of the 
base under strain and result in a rupture of the basal wall. 
The rent progresses until base, column and esophagus are suc- 
cessively involved, and complete separation of the individual 
into two or more pieces finally results. 

Details are recorded of the divisions of one monoglyphic, one 
tetraglyphic, three triglyphic, and seventeen diglyphic speci- 
mens (p. 174 and tables 3 to 5). 

The resulting pieces may possess one or more siphonogl 3 q)hs 
and associated pairs of directive mesenteries or they may lack 
these structures until regeneration has occurred (pp. 174, 175). 

Succeeding divisions may be delayed until reg:eneration is 
completed or they may occur at any earlier time. They may 
even follow so rapidly as to give the appearance of simultaneous 
division into more than two pieces. In every such case a re- 
generation zone is formed in each piece for each successive 
fission (p. 173). 

In passing upward the plane of fission rarely cuts a mesentery, 
i.e., the plane is a strictly vertical one (p. 171). 

There is no tendency toward strict equality of the products of 
a division (p. 181). 

Strictly diradially symmetrical polyps tend to divide into parts 
which are themselves symmetrical with respect to the original 
directive plane, i.e., the plane of division tends to be approxi- 
mately perpendicular to the major axis of the mouth (p. 176), 
but no tendency to divide in spaces of the same kind on opposite 
sides of the column was detected (p. 177). 

While division may occur in any vertical plane, it tends to 
occur in endocoels rather than exocoels (p. 179), in complete 
endocoels rather than incomplete endocoels (p. 180), and in 
non-directive rather than directive complete endocoels (p. 180). 
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No obvious change occurs in the old part in consequence of 
division, except that possibly mesenteries injured in the process 
of fission are eliminated by absorption (pp, 168, 171, 172, 200). 

Regeneration processes begin with the rolling in and fusion of 
the tom edges of the body wall (pp. 167, 182). In the region of 
fusion new structures are gradually differentiated, eventually 
constituting a large proportion of the bulk of the individual— 
often far the greater part (pp. 167, 182). 

The torn edges of the esophagus also grow together and a new 
siphonoglyph invariably becomes differentiated in the region of 
fusion of these edges. As regeneration proceeds, the new siphono- 
glyph occupies the middle of the new region, thereby marking 
this as a new directive plane (p. 183). In those instances where a 
siphonoglyph is cut by the fission plane (p. 183), a siphonoglyph 
occupies the corresponding boundary between old and new parts 
of the regenerated animal and a wholly regenerated siphonoglyph 
is formed in addition. Origin of specimens with different num- 
bers of siphonoglyphs from any of the common types is com- 
pletely explained by the manner of division and regeneration 
(p.l83). 

Four new mesenteries, constituting a very characteristic group, 
become established in the middle of the new region of the 
column and grow across the oral disc to the esophagus (p. 193). 
Longitudinal muscle swellings appear on each of the first four 
mesenteries on the side away from the directive plane (p. 194). 
Additional mesenteries follow in a bilaterally paired manner 
lateral to the first set of four (pp. 193, 198, 207). Among these 
later mesenteries certain members mate with the two outer ones 
of the set of four, forming unilateral pairs. The two inner 
members of this set of four constitute a pair of directive mesen- 
teries. Other of the later mesenteries become paired with the 
old bounding mesenteries or with each other, so that eventually 
all of the mesenteries, with the exception of the directives, are 
present in the unilateral pairs characteristic of the Hexactinians 
(pp. 193, 207). 

Variations in the* number of mesenteries formed depend almost 
wholly upon the character of the old bounding mesenteries. On 
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the side of a new directive plane which is toward an old incom- 
plete bounding mesentery are usually produced two pairs of 
complete non-directive mesenteries. On the side of the new 
directive plane which is toward an old complete non-directive 
bounding mesentery are commonly formed a pair of complete 
non-directive mesenteries and a single cqpiplete mesentery which 
forms a non-directive pair with the old bounding mesentery 
(pp. 186, 188). The only common exception to the numbers of 
complete mesenteries as stated consists in the omission of a pair 
of complete mesenteries lateral to the new directives (pp. 187, 
188, 191). The number of complete mesenteries formed in a 
regenerating zone is thus strictly limited and almost invariable, 
except through the influence of the old mesentery adjacent to 
the boundary between old and new tissue. This mesentery, if 
unpaired, exerts a perfectly definite determining influence upon 
the course of regeneration, an influence which makes its appear- 
ance soon after regeneration has begun and effects a normal 
pairing of the mesenteries of the bounding region and usually a 
regular arrangement of the pairs of different cycles in harmony 
with those of other regions (p. 193). 

The order in which the new mesenteries appear and the order 
in which they become attached to the esophagus (pp. 193 to 188, 
201 ; see especially pp. 193, 196) do not correspond, and neither 
agrees with the order of ontogenetic development described for 
any Actinian whose transformation has been completely followed. 
At a late period of regeneration a stage is passed through corre- 
sponding with that described as a stage in the ontogeny of 
Adamsia by Hertwig; but this is probably correctly interpreted 
by Carlgren as a stage in regeneration (p. 194). 

In the course of regeneration incomplete mesenteries appear 
in pairs in the normal positions (p. 194) . Where the old bounding 
mesentery is an incomplete one a single new incomplete mesen- 
tery of the same cycle is formed to pair with it. When division 
has occurred in an incomplete endocoel of the second or low^er 
order close to a pair of complete mesenteries, no new incomplete 
mesenteries of higher cycle are formed in the region limited by 
the complete mesenteries and including the boundary between 
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the old and new parts. Consequently a pair of incomplete 
mesenteries of the first grade and its accompanying orange 
stripes are sometimes lacking in a region where they ordinarily 
occur (p. 195). Certain other irregularities in the occurrence of 
incomplete mesenteries are found (p. 190). 

The orange stripes seen prominently on the living specimens 
normally occupy the complete endocoels and the incomplete 
endocoels of the first order (p. 207). Since spaces of these 
grades almost invariably alternate regularly, the orange stripes 
are commonly present in even numbers in individuals that have 
not divided or have completely regenerated following a division 
(pp. 114, 122). 

When a fission plane passes through an orange stripe, that 
stripe disappears (p. 209), As regeneration proceeds orange 
stripes are formed in their characteristic positions, including the 
bounding endocoels, provided these are not incomplete endocoels 
of the second or lower grade (p. 209). 

Probably orange stripes arise, in the new area, first in the 
complete endocoels and only later in the incomplete endocoels 
of the highest grade (p. 215). The number of orange stripes is 
strictly limited by the number of mesenteries of the first two 
cycles, no new stripes being formed either in the old tissue or in 
the new tissue after the characteristic spaces are occupied 

(p. 216). 

Odd numbers of orange stripes are usually to be explained on 
the basis of incomplete regeneration, occasionally on the ground 
of irregularity in the cycle of mesenteries of the highest incom- 
plete grade Certain cases of unusual conditions of orange 
stripes remain unexplained (pp. 195, 210, 213, 221, 222). 

The number, position, breadth, and color of the orange stripes 
of any individual give significant indications of its internal con- 
dition (pp. 215 to 217), but mere enumerations of orange stripes 
are of little value. The numbers of stripes in individuals of 
groups examined by the writer varies from zero to twenty-two, 
the plotted curve showing modes at seven and twelve with a 
tendency toward minor modes at even numbers above twelve 
stripes and at odd numbers below ten. This is interpreted as 
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an indication that among individuals with higher numbers of 
stripes ^ preponderance of specimens have completely re- 
generated; while among the lower lumbers a great proportion 
have recently divided and regeneration of stripes has not begun 
or has at least not been completed. Such counts as have been 
made further indicate with some degree of probability that 
divisions are more frequent in the spring and less frequent 
toward fall (p. 222ff.). 

By the processes of regeneration described, a rather definitely 
fixed set of structures is added to a piece r^ulting from division, 
regardless of the form of that piece (pp. 185 to 192). The outer- 
most mesenteries of this set are modified to match up with the 
old bounding mesenteries. Since the forms of old pieces are 
quite various (p. 181), the resulting individuals are likewise 
diverse in the number of siphonoglyphs, mesenteries and orange 
stripes (pp. 184, 192). With rarest exceptions the variations 
from the typical Hexactinian form may be accounted for on the 
basis of the processes of asexual reproduction described. Re- 
peated fission and regeneration tepds to produce specimens with 
approximately eight pairs of complete mesenteries and sixteen 
orange stripes (pp. 198, 215). The fact that actual counts of 
mesenteries in specimens of the groups studied show a distinctly 
lower average than this, indicates that the sexually derived form 
possesses fewer than eight pairs of complete mesenteries. 

The fundamental form of the species, i.e,, that resulting from 
ontogenetic development, has not been ascertained. It is prob- 
ably biradially symmetrical and hexameric, with two siphono- 
glyphs (pp. 218 to 220) and six pairs of complete mesenteries 
(pp. 220, 221), two pairs of which are directives. 

Sexually mature individuals of both sexes have been found, 
but the development of the fertilused egg has not been followed. 
The failure to obtain developmental stages, together with the 
abundance of stages in asexual reproduction (p. 220ff.), suggests 
the probability that the latter constitutes the chief means of 
maintaining or rapidly increasing the populatioq of a given 
region. 

CoUe*e of William and Mary, August, 1917. 
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SYMBOLS USED IN TABLES AND FIGURES 

The following symbols appear as subordinate headings under Old and New 
Mesenteries in tables 3 to 8: 

R, bounding mesentery, i.c., a mesentery adjacent to the boundary of the new 
or old region in which it lies and without a mate in tliat region. The mesentery 
occupying this region is represented whether incomplete or complete. 

D, directive mesenteries, which occur in pairs. 

N~Df complete mesenteries which are not bounding mesenteries nor directives. 
With rarest exceptions they are found in pairs. 

The symbols below are used in table and figures to designate specific mesen- 
teries. 

In bold face they represent mesenteries formed during ontogenetic develop- 
ment or in the oldest regenerating region distinguishable in that specimen. 

In italic type they indicate mesenteries regenerated after the recorded division. 

In roman type they represent mesenteries of intermediate age. Some of 
these may have been incompletely develo^jed at the time of the latest division. 

d, a directive mesentery. 

c, a non-directive mesentery, actually complete or destined to become so. 

c‘, c*, c^ c^, regenerated non-directive mesenteries, actually or potentially 
complete, whose positions with respect to the new directive plane are indicated 
in the figures by exponent numerals. 

c?, a mesentery now complete, but possibly derived from an incomplete one 
through abnormal fusion with the esophagus. It is consequently doubtful 
whether this was complete when fission took place. 

(I) , a member of the most advanced cycle of incomplete mesenteries repre- 
sented in an individual. 

(II) , (III), members of the second and third cycles of incomplete mesenteries 
found in the speciftien. 

(1), a permanently incomplete mesentery of undetermined grade. 

(1)?, an apparently incomplete mesentery which was probably derived from a 
complete one by being torn from the esophagus. 

• symbol indicating absence of any unpaired mesentery adjacent to the 
boundary between old and new parts, i.e., the boundary lies in an exocoel. 

t symbol used in table 5, no. 18b and no. 22b (and in table 10 referring to the 
same specimens) to designate the bounding conditions when a second fission plane 
has passed through the boundary between old tissue and tissue regenerating 
following a shortly preceding division. 

Four, five, etc. (tables 3, o, 6), number of small mesenteries in a regenerating 
region at a stage of development too early to indicate the final formula. 
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In this talk arc given the fnvH nUric fortnulas of fonrtcen pairs of pobjps resulting 
Jfotn natural fission ami regentrnlv/n. For i Tpinnutifiri of symbols, see page 232; 
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TAHI.K 4 

In fhii\ tdhf^' (ire .^liown the tnc.^eulenr jui'/niihis of iit'o (Khltliunnl nntnrol j>nrr.‘:. 
\o. lo i^fionrd .<o)/ic cridenri: of a prci'niiitij niitmi-dfion, Itul On: limits of iho 
!'((}< ncrati'd rcnioti uny not rUur. 
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TABI.l'; 

])t'csiiits tiu' Hirst fil( n,' inniio'tis nf si/ pmnps nf j»diips, t ii(}i iii'onji 
tirrii'rd fioni tl stntllr i mlinil iiol hil Hillnnil tissnni. I'lir nnitihn' nf ^nnrs ,if 
lUyt xc'^dioit indiroUK Ihnt th, )/)>di<j)(r tlin>i<>ii.< inmlnd lu; sucrrssiic |■nllln^ 
than sitn idiom OKS, 
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(ri'irs ai'C rcpi't srutrd in the old oii iJir stton h,o ,:i,nl,d Im, ir Ih Ih, m ir 

lilt sritli'r'i ' s. Too such sprruin ns iiots. /?, Uti horr o pot,' ol ('oiiiplih nn.'tii- 
Irries in Ihr (»/</ n''ji(>n Itrhrrtn tin tiro dinsmn phiios. I'ltis jniir is r, pn s, nU <1 
in (Ik (oldt in o horlztinlid sporr inierpostd InlirK n tin Inns .‘ihinri iiti Ihi hninnf- 
ifO} inisrnlci'its. To tirrin of tin nnnplth foninihi nj ti p>diip irlOi hri, r,p<n,)'- 
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(hr sirniot rn o' orro inust In instrltd m r, n I'sr indti' Inlirr, n (In hniils o\ (hr old 
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tissue V'ith new iissut rcgi nretiling after a shorthi pm tdnig dinsoit. Fordts- 
ea:<i<ion see page I8S, 
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TABLE « 

rk%8 table gives the mesenteric formulas of thirty-two unpaired polyps resulting 
from natural division and regeneration. In these specimens new complete m^sen- 
teries are distinguishable from old complete ones by their relative degree of de- 
velopment alone. All specimens in which neto complete mesenteries could be dis- 
tinguished from old only by their position with respect to an ohi'ioiw boundary 
have been excluded from this t(^le. This exclusion is necessary m selecting a 
group of animals that may he used for a study of the frequency of divisions in 
different spaces, since evidence of the position of the plane of fission is lost more 
quickly in ccmplete endocoels and in exocoeh than in incomplete endocoels. For 
further explanation, see page 169 ff. 

^ 0 . 29 exhibits an unusual condition in the presence, in the old part, of an impaired 
complete mesentery. Other old mesenteries arc somewhat unevenly developed. 
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TABLE 7 

Tkh table eUows the mesenteric forms of thirty-three specimens. Some of these 
were selected, in collecting, on the basis of the position of the new area or on other 
grounds that prevent their consideration in connection with some matters for 
which specimens given in tables 8 to 6 are available. Others were excluded 
from table 6 on grounds which have been stated in connection with that table and 
in the text {p. 169 ff). Still others are animals regeneraliTtg after artificial cuts. 
In the case of these last, the length of the regeneration period is given in 
last column of the table. Since the period of regeneration is unknown for all 
other specimens listed in this table, the cut specimens may be identified by the 
presence of figures in the last column following their formulas. 

Dashes in the columns for Old Mesenteries indicate that some part of the old material 
present at the time of the recorded division was removed by a later division or cut 
and the full formula of the old part is therefore unknown. In the old regions 
of these specimens only hounding mesenteries are recorded. 

The case of No. 80 is discussed on page ill. Attention should be called to the fact 
that a new mesentery apparently of the first incomplete cycle mates with an old 
one of the second incomplete cycle. It is clear that no orange stripe was formed 
in the included end&coel. 
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TABLE 7— 



OLD MESEMTERIKS 

NEW MESENTEHIES 

REOFN- 

E RATION 


MO. 









1 





FIOI RB 


B 1 

N-D 1 

D 

N-D 

D 

B 

B 

' N-D 

D ; 

N-D 

B 

lo 
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11 
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TABLE 8 

This table records the mesenteric formidas of five specitnens icith apparently unusual 
regenerated parts. These were excluded from table 7 only for convcnietLCC. For 
descriplio?], see page 190. A possible partial explanation of these irreyuhirHies 
is given on page 190, 
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TABLE 9 

This table summarizes the facts presented in tables $ to 8, on the left mih respect to 
character of the spaces cut by the division plane, and on the right concerning 
the total number of complete mesenteries formed in the corresponding regenerating 
regions. On the right, specimens of table 7 are included, but those of the preceding 
tables which had not regenerated suficienihj to show their final mesenteric formulas 
are necessarily omitted. Only those cases are included which show clearly the 
final formula of the regenerating region, hut they are included whether or not the 
potentially complete mesenteries were actually complete at the time of killing 
ip. 186). 

On the left are indicated the classes into which the regenerating regions are grouped 
on the basis of the old bounding mesenteries. The ‘frequencies^ hore given are the 
numbers of cases in each class found in tables S to 6, and may be taken to rep^ 
resent fairly well the proportions in which divisions of the different classes 
naturally occur. (See p. 177 for discussion.) 

Figures in italics in the right half of the table represent for each class, as given on the 
left, the frequency of the numbers of complete mesenteries {indicated at the keade 
of the columns) found in tables 3 to 7. 


Two complete. 
One complete. 


OLD BODNDINQ MZSlNTliBIBS 


/Two non-directives 28 

\One directive, one non-directive.. 4 

. .Non-directives 32 


_ . , f One directive, one incomplete non- 

One incomplete { j 


Two incomplete non-directives . . 9 

One complete non-directive, one doubtfully incomplete. . 3 

, f One complete non-directive 1 

No unpaired mesen- p 

tery on one si e. . . ^ incomplete non-directive 5 


Unpaired mesenteries lacking on both sides 0 


(See note) 


One complete non-directive 

One non-directive doubtfully com- 
plete 

Ono directive 

One incomplete non-directive 


1 

1 

1 

1 


NUMBER OF COMPLETl 

MMINTERIES (5-11) 

WHICH HAVE BEEN 
BEOBNERATKU 


5 

« 

7 

s 

9 

10 


3 


$6 

1 

3 

1 

1 

17 

3 

17 

7 






1 





1 





1 


4 






i 




1 





1 



1 


Note. On one side a new division has passed through the boundary between 
old and rtgeneraiing regions (p. 189). 



TABLE 10 


This table deals, in its right and left halves, mth the same material as the corre- 
sponding parts of the preceding table] but in the present mstanee each boundary 
and associated half of a regenerating zone is considered separately. On the left 
side of the table are summarized the facts represented in tables 3 <i) ff in so far ( 7 s 
these concern the character of Ike spaces through which the phvics of dii'ision 
pass. The symbols in the column headed ‘B’ are the same as those in the columns 
of bounding mesenteries in those tables and have the saoie In the 

column headed ‘Frequency’ are given the number of instances of the bounding 
mesenteries indicated on ike left recorded in tables 3 to 6, and the sum of these 
frequencies is the total number of symbols in the columns of bounding mescnlerics 
in those tables. Since each old bounding tnesentery is separately considered 
here, the sum of the numbers in the column headed ‘Frequency’ is hvice the sum 
of the numbers found in the corresponding column of table 9. 

Omitting doubtfully complete cndocoels, doubtfully incomplete endococls, and the 
four examples indicated in the last row, we find the ratios and percentages of 
locations of the fission planes to he as follows: complete endocods, WS (62 per 
cent): incomplete endocoels, 57 (3^ per cent): exocoels, 0 {4 per cent). The ratio 
of complete to incomplete endocoels, is 103: 57, or 54 per cent to 36 per cent. 

On the right are given the frequencies of the nurnlyers of complete mesenteries (ai the 
heads of the columns) regenerated between the new directive plane and the bounding 
mesentery indicated at the left of the rows. This part of the table includes speci- 
mens from table 7 in addition to those of tables 3 to 6. Of necessity, it excludes 
such specimens as did not clearly show the final number of regenerated mesenteries. 
Because of these inclusions and exclusions the number of individuals repre- 
sented in the two halves of this table are not the same. The total number of re- 
generated mesenteries represented in this table is the same as in table 9. 

The avera.ge number of mesenteries added in the course of a division followed by 
regeneration may be obtained as follows: take the average number of mesenteries 
indicated in each horizontal row of the right half of the table {omitting doulitful 
rows) and multiply by the frequencies given on the left; add these totals and divide 
by the sum of the frequencies {omitting doubtful ones). This gives 4 .^ as the 
average addition for a lateral half of a regenerating zone, or 8.4 per regenerating 
area. 

Note. The four cases, in the last row, designated by a dagger refer io no. 18b and 
no. 22b, table 5, in which specimens two successive fission planes have apparently 
cut away first one and then a second old bounding mesentery. {For fuller ex- 
planation see p. 189.) 
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TABLE 11 

This table shows the number of mesenteries reaching the esophagus in individuals 
represented in tables S to 6 upon completion of the recorded regeneration. Sped’- 
mens are distributed according to the number of siphonoglyphs and the number 
of complete mesenteries. The figures in the body of the table represent numbers 
of specimens. Average numbers of mesenteries are given for each siphonoglyphic 
class and far the whole. The triglyphic specimen with nineteen complete mesen- 
teries had five directives, one ioclcin^ a mate. 



TABLE 12 

This table is taken, with some modification, from Carlgren's table (’09, p. 40) sum- 
marizing the results of his study of regenerating anemones at stages when the order 
of development of the mesenteries could be determined, 

Roman numerals at ike head of different columns represent the tjjpes of arrange- 
ment indicated by corresponding numerals in figure 35. In the Iwrizontal rows 
are indicated the number of cases of each type found in regenerating pieces of 
different kinds. 

Carlgren used, in this study, arlifically cut pieces of Sagarlia viduata; natural 
fragments of Metridium dianihus, and pieces similar in character artificially 
separated from the parent polyp; and naturally produced basal fragments of 
Aiptasia dtaphana. Some pieces of Sagarlia and Metridium were cut in such 
a way as to leave only basal tissue to form the new polyp. These are designated 
as ‘basal pieces.’ 

In all of the ten cases of Type VIII in Sagarlia the new directive plane is perpendicu- 
lar to the plane passing through the middle of the piece before regeneration. In at 
least some of these specimens (and I presume in all, since othenoise the relation 
of the new directive plane to the old middle plane could probably not be determined) 
some old tissue was present, on one side, between the mesenteries I have desig- 
nated as c* and c^. 

The single example of Type II in Aiptasia shows a second esophagus. 

Type VIII is the one found by Cary in three species of Aiptasia and in ‘Cylista 
leucolena’ (?). 

Regenerating specimens of S. luciae, when old complete hounding mesenteries are 
absent, are of Type III, V, or II. 



I 

II 

ni 

IV 

I V 

VI 1 

VII 

VIII 

IX 

X 

Fragments < 

Basal pieces < 

\ Sagartia 

jMetridium, natural 

Metridium, artificial 

[Aiptasia 

f Sagartia 

[Metridium 

26 

5 

2 

4S 

3 : 

1 1 

1 

2 

15 
1 i 
9 i 

1? 

7 

i 

2+1? 

1 

4 

2 

1 

10 

21 

2 

1 
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TABLE 13 

This (able indicates (h,e numbers 0/ specitutM/s in (o(s colhckd at different (imes 
ond/rom diJTcrent localities, all at Woods Hole, Massachusetts. The .'ipf'ctuuus 
are classified according to number of sipkonoglyphs. For an accoiatl of (he methods 
of collecting these specimens and reconiinj; the data here given, see page UlSjf. 


LOT 

DA.TZ 

LOCALITT 

03 

J 

0 ' 

s 

P* ! 

J 

0 

5 

^1 

1 

3® 

H 

j u! 
1 E ' 

u ® 
^ 1 

5 

1 

1 ; 

1909, July 12 

Ram Island 

0 



0 


2 

1909, July 18 

U. S. B. F. Wharf... . 

0 

44 

4' 

0 

48 

3 

1909, September 22.. 

: U. S. B. F. Wharf 

lol 

69 

111 

3' 

99 

4 

1910, November 28. , 

I Penzance 

15 

1S2 

10 

0, 

207 

5 

1911, March 31 

Penzance 

i 

134 

7' 


160 

6 

1911, May 30 

Gut of Cancer, smooth stones, . 

1 13 

118' 

4! 

o' 

135 

7 

1911, May 30 

i Pine Tree Island, smooth stones. 

i 5 

1 94 

8 

0 

107 

8 

1911, June 29 

j Gut of Cancer, smooth stones. . 

14 

, 129' 

2 

0 

145 

9 

1911, June 29 

Gut of Cancer, rough stones. , . 

28 

254! 

8 

1 

291 

Totals 

112 

1101 

61 

i 4 

1278 



1 
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TABLE U 

This table shows, for four lots of vidividuals, the number of specimens recorded 
as having the indicated numbers of orange stripes. Lots 1 to S are the same as 
those of the same designations in table 13. Lot X is a selected group of unusually 
large specimens collected at U. S. B. F. Wharf, Woods Hole, Massachusetts, Sep- 
tember 11, 1909. 

These data are subject to most of the limitations stated for table 13 (p. ^19). 

The totals of this table (excluding lot X) are plotted in figure 4^. For a discussion 
of the data, see page HI. 


LOT 
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2 
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Total 

X 


number or arniPES 
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1 

2l 

3 

4 

5l 

6' 

7 

1 

8| 

1 1 

« 

10 

1 j 

■ 

12 

13 

14 

15 

W 

17' 

\i\ 

10 

20 

21 


5 

6 

6 

2 

6' 

6' 

15 

9^ 

10 
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5! 

8i 

4 

3 

0 

1^ 
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1 

1 
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0 

, 3' 

1 
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2l 

8 

31 

8 

3 


6 

1 

2; 

1 

1 

1 

1 


0 

1 

1 

0 

2 

2 

2 

5^ 

1 

7 

6 

_! 

4 

7 

8 

_j 

I 3 I 

4 

10 

5 

9 

1; 

1 

2 

0 

3 

1 

6 

8 

111 

5 

15 

9| 

30 

18’ 

22 

16 

16: 

26 

9 

15 

6 

11 

3 


3 

0 

4 
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PLATE 1 

EXPLANATION OP FIGUBES 

1 Colony of S. luciae photographed through the vertical sides of an aquarium. 
A number of specimens, such as that indicated at 1, are ensconced in barnacle 
shells The characteristic vertical orange stripes on the column do not appear 
in the photograph. White bars may be seen crossing the oral discs. These 
mark the positions of siphonoglyphs. Continuations of the radial white bars 
frequently border the oral aperture. The individual at 2, has one radial white 
bar, a monoglyphic specimen. A triglyphic individual with three white bars 
may be seen at 3. The specimen at 4 has a minute radial projection of the white 
border which fringes the mouth, giving ground for suspecting some irregularity 
of internal structure. 

2 A colony seen from above. 1, as in figure 1. 2, individuals each having 
but one prominent white bar, with extension partially surrounding the mouth, 
indicating a single well-developed siphonoglyph and, opposite this, a regenerating 
region in which a white line will eventually appear. 5, a specimen with one 
broad white bar and one narrower and fainter. The latter is newly formed in a 
regenerating region. 

3 Microphotograph of cross-section of an anemone (no. 46, table 6) which 
had but one white bar and gave no external evidence of new tissue, being there- 
fore apparently monoglyphic. The line of new tissue marked by the loop at X 
was probably mistaken for an orange stripe. For explanation of symbols, see 
page 232. X 32. 

4 Photograph at greater magnification of the new part and adjacent struc- 
tures of section shown in figure 3. X 60. 

5 Similar photograph M the regenerating region of a more aboral section of 
the same specimen. The loop has opened and appears as two separate mesen- 
teries, c^ X 60. 
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KXI'LAWTIOX OF FKiFIfKS 

() Mi(‘r(ii>l)ttt()<;ia|>li nf a sf'ffion of a ,sp(’cin;(‘ti ftKo lb, tahlo -i) kilkal twenty 
<lays aftf'i' <livision, I'lic area lies b(“tw(a'n tlio two old boundiiij^ itiescMi- 

torics, (Ili and c, and contains six small incstMitf'rics— c is ctnnploto orally, 
TIm' creatin' part of tlu' s(a>lion is oc(aij)i{al by an old(‘r rf'iioiKO’atin^ area, from 
tl) to (I) cxfdu.-^ivc, Mc'.'itaitcrics labclbai c" and c'’’ and tli(‘ inrscn(('ri(‘s in corre- 
spondiiiff positions on the ojiposito .side f>f the directive piano of this area are 
('otnj)ict(‘ orally. X J7. 

7 lMioto<rrapli at lii^lno' mafiiiihcat ion of the newaast arcai and its bounding 
rn('.senteri(‘s from the saim' sf'clion as shown in the in'OeediTig iigiii'e, X oh. 

S A regc'mu'ating aiaai ifroni no. da. table d) slightly more, advanced (lian 
the newe.st ])ai't sliow ii in figure 7, tlmiigh actually younger (ten days). liounding 
nu'sc'nteric.s. (I), both incomplete'. In all, twelve new ineseiite'rie's can be counted 
in t he .se-c( ions of t Ids spi'eimen , X ht). 

II I'dir oral sf'ction of a spe'cinu'ii elescribe'd wlimi living as having thr('(' orange 
stripe's and oiie while' bar in the' olel I'cgion. and one nhite bar in a re’generaliiig 
are'a uhich oce-iipie'd approxiinat ('ly eme'-fifth of the* e'ircunife'renct' etf tlie spe'ci- 
me'n. Se'e eliagram, figure' dii. d'vpical re'ge'iierat ion feellowiiig eiivision in (nee 
e'oniph'te' emlocoe'ls. 'I'la' e'ha rae-t e'risi ie size' 1 ‘e'lation ('xisting among the re- 
ge'nerating nies(*nt<'rir's is ne'll ri'pre’se'nt e'd , < )n ('ae'ii siele' a ti('w nu'se'ntery, c"\ 

mateas with the edd Ixaimling ine'se'nte'ry, c. d'he tippe'ai'aiict' of a si[)honoglyp]i 
iti se'ctioii i.s shown at S in the' ne'w re'gion and in tin' grenna' oji the opposite* side' 
of the esopiiagus. in the latte'r the' cilia, (liongli elist inguishable in the phote)- 
grapli, are not rejiro lui-ed in the' figure'. In tin* upper part of the' figure* a fobl 
e)f the (oal disc appear;;. X lb- 

10 Part eif a more' aboral se'ctie)n of the same spe'e'imen as sIuomi in tigiire 0. 
ddn* orde'r of size' of the ne'w ine'si'iit erie's is maint.aine'd. X 10. 

11 Pari e)f a se'clion etf an aneamiK' (no. Sb. table 3) killed fifty-six elays 
aftew division. On oiu' side of the* iK'w elirective ]daii(' mdy two potentially 
eomple'te mm-elirect ive's (c', (-) f<iran'd wlu're' more' eeiminonly four an' re- 
ge'iie'rated. Attention .'ilnnild be' e'alh'el to the preebabilit y that the mrsente’ry r- 
ill seich a re'gion of ve'dueed nuinbe'i- of ne'w me'se'nt (“fie's e'orresponel.s with the one 
designate’d c* eif a re’gion I'e’ge'm'i’al iiig the ( vjiical nundier of mese'uteries (p. 191, 
1971. x:U. 
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PI.ATK :■} 

KXIM,A\ A I ION' OF FICTUKS 

I'J Seel inn of ;i s|)t'f‘iinFn (no, (J(), (i) wliicli sliou i'd ono proioinont and 

orio fain! wliitr har, I In' latter in a sector of now tissue constituting ono- 

foiirtli of th(' hulk of the aniinal. A fo]<l of the oral <lise (or of tlu‘ colunin) 
aijpears on the side of tlie sf'ctioii o(‘eii])iod l)y the lunv ii.esenteries. As in the 
individual rej)res(Mi1e<l in figure' 11. U'ss than the' ty])ie;d nuniher of regeiu'rating 
ine.<<‘ntei'i('s is prese'iit on the side' of flic iiieo'uplete bounding inese‘nt('i'\', (I I. 
X l-V 

Id Part of a nior(‘ aboi'al section of no. (if!. Size relations indicate' the orde*r 
of de've'lopaieuit of the nvw mese'nt e'l'ie's. c'- :nid aia* usually inure’ neairly eepial 
in size*, dhe ne’W inconiphUf’ bounding tnese'ntruy t/l appears in’re though 
lae-king fartheu' orallv' (tig, I'J'. X 43. 

14 Section of a t riglyphic spe’e'iine'ii uio. t)3, tablet)). I'Xte’inatly tlu're’ were- 
se'en, not epiite’ opposite’ (‘aeh othei' on tiu’ oral disc, two white’ bars lying within 
the’ iiniits of a dai'ke'r zone’ foradng tiie’ gre’ater part of the' speei:re‘n On one' 
side* was a small light e'r eolore'el nu’weri se'ctor. ddie'ie' we'ie’ appaiemtly te’ii 
orange’ .stri])e’s of two age's in the* olde'r paid and l)e'ginnings of eu’ange' sti'ipe's in 
the newe'r zone', Tlu' most ree’ciitly formed |>art, be'twee'n c and c. showsa typical 
re'ge'ue'rat ietii folhnving division in t wo e'omph'te' e'lidoeoe'ls. Two icese'nte'ries tm 
the h'ft of liu' section be'twe'e'ii the olil btmiuliiig niosemte’vy. c'. anel tlu' ])air e)f 
elire'ctive's show ;i pe’eniliar e’onelition stre)ngly suggesting the’ ])e)s:t ion of an old 
elivisioM plriiii’. An a noaialeeiis se'l of feui r me'se'nt e'rie‘s is ^e'l'ii a t .\ ■>) dO.a!. X 23 
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in.ATK 4 

KXPhANATION’ OF FKiTRKS 

15 :in<l U) S(M-ti()ris of :i very small and faintly colored s])Cciinon (later 
division r(*(‘<)rd(Ml as no. S“2, tatile 7; an (‘arlier division as no. (14, table 7) having 
two white bars, but with no oran{?e stripe and showing no external evidence of 
a division. Figure 15 a mor<' oral section; fijfur(‘ lb oin* takmi l)elow the aboral 
end of th(‘ esopliamis. 'I'he s('ctlons iinlicatc' that the si)e(dinen is composed 
almost entirely of two r('^enerat(Ml ar(‘as. 'The (dder division plane ])nssed 
through two (a)in])l(“te ondncor'ls as indieati’d l)y tlu' .size of mesenteries c and c. 
'I’he lat(M' division oc(‘urred in inconi])l(‘te endoeoels. as is shown by the iiicoin- 
})lete as wa-ll as tlu' coniphde naasenteries, 'Fhe new inconifilete hounding mesen- 
teries (!) and (/) i)f the later n'generating area may l)e seen in figure 10. Hoth 
figures X 00. 

17 Section of a small individual (no. S2, table 7) with one white bar (mono- 
glyphic) atid ten eveidy spaced orange stripes. There was no external evidence 
that a di\'islon had occuirml. The sections make clear that somewhat less than 
one-tifth of tlie speedno’n. including no complete mesenteries, is old material, 
the remainder having regenerated following a tlivlsion in two incomplete on- 
doeo(ds. Old bounding mesentei ier. (Ill are inroin]ilete and certainly not of tlic 
first inetnnplet(‘ grade X-5. 

IS Seetion of a small sp('cimen whi<‘h has certainly regenerated, as shown 
hy mes(‘ntf'rics r- and r\ hut which gives lU) evidence as to the precise position 
of the plane of division. X ()5, 
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KVEM-WATION fJF FKII KKS 

l^) Soot ion of un anoiooiK' (no. 73, (:il>lo 7) ooin])o.so(l of an older rej^ioii ron- 
tiiinitif^ a white bar and five more widely separated oranji;e stripes, and a newer 
region with a slightly fainter white liar and seven less widely separated orange 
stripes, (t'f. <liagrain, fig. 37.) A oinelis is visif)h‘ at A, X 20. 

20 Heetion of a small s[)eeimen probably having undergone two regenerations 
as indieatial by the character of the incomplete mesenteries. I’reeise positions 
of the division planes not certain. In tin* latest formed area (below), r- and r' 
on either side of the directive inesentca-ies are incomplete aborally. Pr>ssil>ly 
on eitlier side tin' mate to O'* is an old inmiuling mesentery; if new, the latest 
<livision occurred in exococls. X 40. 

21 and 22 d'wo sections of an amanone which showed, ('xternally. slight 
irri'gularit ies in th(i distribution of its twelve orange stri]>es. d'ln^se may hav(‘ 
been (hie to iiiuapiai dislontiou of dilTeiamt parts of the column wall. Xo certain 
external ovidonee of a division was pia'scmt. Internally, as shown in thes(‘ two 
figures, tlie greater dovelojiimuit, in the upper region, of the iTieoinphue mesim- 
teries, es})eeially tliose of the second grade, indicates that regmu'ration has 
occurred, hut does not give any assui'anee as to the exact |)Osition of the 
boundary between new and old. Both figures X 25, 
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KXPLANATIOX OF FIOUKKS 

23 ainl 24 Soft inns nf n spooirtion wliioh sIioaaamI no oortnin external cviilonces 
of division. Tlie irr(‘^ularity in the iiieoini)lete mesenteries sliown at X 

in figure 23. and espeeially the irregularities in the inec)inplete inesf'iiterit's of the 
eorrespondiiif; refi;i(ui in fi|i;nie 24, indieate tiiat two regenerations liave oeeurred. 
'I'he older is repre.sontca] by (he upper ])()rliori of the' figures. 3'h<‘ greater d('- 
velnpinent of c, fi^jurc' 24, .sIkjws it to he an old bounding in('s('nti‘ry of the older 
of tlie two tlivisions. X 3.'). 

23 Section of a dijilyphie specimen with two white burs and twelve orange 
stripes itistributed a.s sliowii in figure' 31). Sections sln)wed no certain evidence 
of division, althoii^li tlie slipditly ^ri'ati'r dc'vidojnnent of ineoinjilete mesenteries 
near tlie direct iv<‘s below siijr^ests (hat this may lie an older ]>ai't. Pairs of 
eoHipU'te non-direet lA'i' ir.(>sr>iit('ri('s an' here indicated by c. .\n acontiuiii may 
b(' seen protrudi'd throii”;h a cinelis in an incomplete eiuloeoel of the seeiiiul 
fUrade at a. pair of ti ('.-■enti'rii's of tlu' fourth ineomplete eyele is pres<'nt near 
the direetiv('s below. X 

2(i Se<‘(ion of a pi'rfeclly regular di^dypliie siieeimen with two while bars 
opposite eaeh o(her on the ciral dise and twelve orann<' stripes symmetrieally 
plaeed and ('venly spared on the ((dumn. lnt('rnally no evidenee of division. 
Pains of dir('etiv<‘s are imlieati'd by d. X 14. 
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];Xl>LA\ATh)\ DK KfcrUKS 

1^7 t(» '^2 n'|)r<‘sciit t vvn sor-t ions fioiti ('iicli of three of the four j);irfs into which 
speciir.e)! im. ft), of tahh' o, (li\'i(l(Ml, \o. It). iH'forc' tfiis division, wtis n v(“ry 
larfic ilijiityphic sp<“ciit.<'n witli twelve oi'an^e sti'ipes and slun\'in^ ext(n*nally no 
evi<leiic(‘ (»f a piv'vions divisitni. Old icfrion.s are iiulieatt'd by a jrreater nuinber 
of cycles of iuconip!e((‘ n.eseiiteries, by (lu‘ m’(>ater size of all n.esenteries, and 
by tlie pres<'iK-e of t^otiads altaclK'd to the Iai'g('r na's('nteri{‘s. d'he ])ositioi» in 
llu‘ original !)olyp of tin' tlua'(' speciriu'ns figuri'd is in(li('af('tl in tabk'o. The 
rejfeiH'ral ion pcM’iod was from to ::17 days. Toi' a full account of (his case see 
page 173. X 23. 

27 A far oral s('ctioti of no. l!)a. ddie fission plain' passeil through one coin- 
j)lef(‘ eiidocoei and oin' ('iidocoi'l of tlie first incomplete grade, An unex))laine(l 
irregularity i.s si'cn in tin' ineomph'le mesc'nti’ries of the old part near the com- 
plete' hounding mcst'ntery, c. 

28 A mor«' aboral .section of no. 10a. 

20 and 30 ll('S|)('cl ivi'ly more oral and more almral sei'tions of no, Khl. 
Division occuria'd in ineomiilet e rndocoi'is, oiu' of first cycle and one of thiril cycle. 
'Phe small t>ld bounding iiK'.sf'nti'i'y is in the ])usition of oiu' of tin' third ineon:- 
ph't(' grade and far aiiorally is similar in size to other.s of that ('ycle. Its new 
mate, barely indicated in figure 31), is smaller than the other new incompicli' 
mesenteries, all of which are of (he first ineonijilete grade. At present, then'- 
fore, it appears to belong to the second incomj)lcte cycle and it is so indicatt'd 
liy the label. Ih'ohuldv its ri'lation to tin' (Inrd fyele would Ix' evident lati'r. 
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PLATK s 

i;xiM-.\.VATi(>\ OF 

lU ;in(i Hospoct ivoly rtinrc' f)i'a! and n;or(‘ al)oiaI stations nf no. 19c. Two 
rc<^('ncral iiiK r('p;ions ar(‘ r(‘pr(\s(‘t\t('(l. One of th('s(‘ follows a division in one 
{■(Mii|d(“te endocoel and oru? eiidoe(j('l of llie (irsi inconiplele ftrade. This matches 
0 ]) with n(». Ida (figs. 27 and 2S). 'I’he otlun- division occuriaai in on(‘ complete 
endoco('l and om‘ endocoel of tin* third or pt'rhaps sccoml grad(' (fig. d2). At 
some l(‘V(>Is 1h(‘r(‘ is a inatr' to tlu' i]U'oinpl('te bounding niesmiterv of this region, 
(III), which app(‘ars to belong to the s(>eond cycle of in(*orni)l(“t<‘ mrstmteries, 

3d Part of a section of an amn'iione fi.\ed with [jrotrmhal aeontia, a. One 
lies in an ondocotd of the st'coiid ineom[)h'1e cycle and om" in an exoco(d, 
thinl cinelis not oemipic'd l)y an aeontinm is (list inguislnible at X. X 
34 A more tiighly inagnitied vi('w of an aeontinm jamet rating a cinclis lying 
in an exocoel oi* i)o.ssil)ly in :m endoco(4 witli ex(“('(‘dingly slightly dc'V(‘loj)ed 
bounding inesenteries. X 43. 
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KXl'LANATJON OK KKa.’KKS 

3o Diu^raiiis I -VI. VIU, an<l X have been from those of Carlgren 

f'OtJ, |). 30, fi{^. I[}, DiaKfarii ^ has lieen eonstructed from liis description 
f’OO, p, 3.')) of a speeimeu of Saf'artia vidoata ('no. loaTj. Diagrajn IX has boon 
taken from liis ti(;ure ('’00, 'I’af, 1, big. 17 ( representing a .section of a specimen of 
the Sana* s|je('ies, • 

ddies<* diagi’artis sh(jvv ditferent ai rangeinei^ts Cjf mesenteries found }>y Carigren 
in r<‘g(“neraf ing .speeiniens of Sagartia vi<hiata. M(‘ti'idium dianthns, or Ai))1asia 
<lia}>ltan:L at stage's giving indication of the oiah'r of development of th(* 
ttiesent('i'i<'s. 

Only ine,senferi(‘s (hal would eventually In* eoinplete are represented, 

P(>rti(ms enelosr'd in dcjt({‘d lira's repres('n( old material. Some mesenteries 
were* [)res(*nt in every such i‘egi{jn and. iisiially, one or more of the old mesenteries 
were eoinplele. 'I'hf* two rm'sentc'i'ies sllo\^■^ lu're are not to b(* understood as, 
iiidieatiiig the nundx'r or chai’acfer of old n;('s{‘nt(*iies. 

I have lalx'led the new m('s(‘ntei'ies in one-half of eaeh diagram I, IT and llf 
with tlu' symljols gi\'('n in my ligure.s and text to nu'seiiteries oceupyiiig corre- 
sponding positions \^■ith i'cspi'ct to the new diia'ctive jrlanc, 

( ‘aiigren’s diagram .a (XH), p. 3lb big, If) shows mesenteries e- and on (he 
left side i)eai'ing muscles facing ('ach uth(*r instc'ad of facing the mesenteries 
with whi<-h they commonly form tioii-direcuive ]i:urs. The same arrangement is 
represenl(‘ii on both sid<'s in hi.s Hguri' 37 ('(ID, ’Taf. 3). Since I find no mention 
in tin* t('xt of so remarkable* a condition, I am led to think that an error was inaele 
in both i>lae(‘s. I have tla'rc'fore* c-lnuige'd the* positions of these muscles in tin* 
corresponding diagram fill) «)f my figiua'. Certainly this eoineides with the 
conditions in S. lueiac*. 

bor tin* fr'('<iueney of tlie,se tyia'sof arrangc'ment of im'senteries in regeneral ing 
pieces of the different species, s{*e (al)le 12. 

bor a discussion of the relaliotis of tlu'se ty])(’s, sec* t(*\t, jntge 201. 

3{1 to 11 Diagratns r('pr(*s{‘nt ing an'aiig(‘ments of orang(* stripes and white 
l)ars. as sca'ii on living specimens. The inner ])art of each diagram re[»resents 
tin* oral disc of an anemone with mouth in the center and with one or more wliite 
bars, shown l)y stippled lines, e\lendi[ig radiidly across the dis<*. The len(a<‘ular 
ring is not represent<‘d. In the outer part orange* stripe's are* indicated by solid 
lines, Mroke*n line'.s mark tlu* bounelarie.s belwe'en, recently regenerated anel 
e>hier tiss\i('. 'rhe distinction Ix'twe'e'n these in living specimens showing (*arly 
stages e)f regeiu'rat ion is indi(‘al('d l)y diffe*renees in color; in length, width, and 
density of I he* white bars; and in lu’cadth. depth of eedor, and closeness of tlu* 
eu'ange stripe's. The newer area is to>varel the lower (*dge of the plate e.xeept in 
figure 3h. where it is above. 

3(j Diagram of speeitnen at a stage of regeneration when all of the eomjdete 
mesenfe't'ies have formeel but not all have reached the es()j)liagus, A new white 
bar but no orange stripes have* api)eared. A section of this anemone is shown 
in figure ib 

37 specimen ^0. table 7) in tin iidvaneed stage of regeneration. Two 
old and nine new orange .stripes (the original record noted a jmssibility that one 
of the mesenteries close to the bouiulary might be old), bor ti description of 
internal structures, see page 211, 

{Continued on page SS2) 
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{Conli/i in'd friitn pay*' 269) 

38 Sj)Oc-iinPn Okj. “3, talilo 7) n spction of which is scon in figure 1!). The 
corrospotuioneo hot ween external features and internal structures is typical, 
tlie distribution of orange stripes accurately indicating the positions of ])airs of 
tiK'senteries of the first two cycles. 

3fh Si)ecinicii a section of whi(di is shown in figure^ 25. Three days ])efore 
this diagrammatic sketch was made, the orange stripes were noted as being 
equidistant. Internal strictures give little sugg('stion of la'gi'nrration. '"I’he 
iiiHMjiial <li.st rilnit ion of the orange stripes shown in the diagram may be due to 
th<‘ nmiinnitary state of expansion. 

40 Di.'igram of :i inonoglyphic S]iccimen (no. 43. table 0). Color dilTerenee 
did not clearly loeate th(‘ boundary lietween oUl and new parts on the left. In 
sections tln^ mesenteries gave elear evidenee of its position, 

41 Diagram of a triglyphic specimen with three ohl and eleven new orange 
stri])es. .\ppareiitly the eleven orange stripes and two of th(“ thr(“e whiti' bars 
iteh)nged to a single regenerating sector. Sections make it clear that there are 
lier<* two regenerating zones of ditTerent age. See page 210. 


PLAT]' 10 

EXI’L.X.WVTION OF FIOOKKS 

42 (hirv(‘ (.solid line) representing the number of stripes in individuals of 
eomtiined lots 1, 2, ainl 3 of table 14. The similar cur\'e (brokmi line") given l)y 
Davenjiort (*03) is added for conqiarison. For a discussion of the data, see 
page 221. 
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Resumido por el autor, Calvin B. Bridges. 


La genetica del color purpura de los ojos de Drosophila 
nielanogaster. 

El color purpura es una de las primeras rnutaciones halladas 
en esta mosca (deseubierta en 20 de febrcro de 1912), la cual ha 
resultado especialmente util. Es un caracter estrictamente re- 
cesivo, facil y rapidamente separable del tipo .salvaje, completa- 
mente viable, R^til y productivo. Su locus esta situado en el 
segundo croniosoma, en un pun to distant e t>,2 unidades a la 
derecha, del locus del color negro y 52.7 unidades a la derecha del 
de la mutacion estrella. La regi6n indicada corresponde a la 
initad del crninosoina, coincidiendo con lo que se pens6 al planear- 
le, puesto (pie esta region se caracteriza por un doblc entrecruza- 
iniento' anormalinente elevado, una sensibilidad especial a la 
accion de la edad, calor y frio sobre la cantidad de entrecruza- 
inientos y por una limitacion especial sobre la acci6n de ciertas 
variaciones geiuhicas originadas por el entrecruzamiento de los 
croniosoinas. El color purpura se ha utilizado para el desarrollo 
de inuchos aspect os important es de la genetica de Drosophila; 
con el color berinell6n produjn ^‘intensificacion’’ o ‘^modificacibn 
desproporcionada.” Ha servido tanibien como modelo para la 
mutacidn 'dnunica’^ repetida, y ha sido tanibien ‘‘recurrente.’’ 
Finalnicnte, este color ha sido utilizado miiy intiinamente en el 
analisis del ligainiento autosomal (acoplamiento F., cruzamiento 
retr6gado del macho y hembra para comprobar el entrecruza- 
miento, planeado de dos y tres puntos etc.). La curva de coin- 
cidencia correspondiente a la variacion dc la edad es, en t6rminos 
genei-ales, la imagen de la cur\’a de entrecruzamiento para la 
variacithi de edad, mientras que la curva de coincidencia de la 
variaciem de temperatura parece limit arse a una linea recta indc- 
pendiente de la temperatura. Estas dos variaciones dependen, 
apa rent omen te, de dos fac tores fisiologicos independientes que 
afectan a la 'dongitud internodal” y al ‘‘ coeficiente de entrecruza- 
iniento,’^ respectivamentc. 

Tr!it)sl.%tion by Joss^ F, Xoiiitioa 
Colunibiii Univ^’rsity 

‘Con csiti pnlabra traducimos la correspondierile inglcsa "crossing over” 
cntcndi^ndose que se refiere a los cromnsoinas exclusivamente. "Acoplamiento” 
puede servir para tradiicir la palabra "coupling” y "ligamiento” para “linkage,” 
a falta de otras me j ores que sugieran la ide.a expresada por las palabras 
inglesas, que tal vez convendrfa conservar sin tnulucir. N. del T. 
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INTRODUCTION 

Of the two hundred or more mutations of Drosophila, ‘purple’ 
ranks high among those that have proved especially useful because 
of their ease of identification or other excellent characteristics, and 
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because of their favorable location in the chromosome. Purple 
has an even higher interest because of its connection with the 
development of several new fields in genetics and of principles 
that are now made use of in every Drosophila experiment. 

ORIGIN 

In a stock which was supposed to be simply vestigial there 
was found, February 20, 1912, a single male which had an eye 
color much like that of the well-known double recessive ver- 
milion pink. The color of the vermilion-pink eye is about that 
of the pulp of an orange, and the early papers accordingly 
referred to this double recessive as ‘orapge,^ The new color 
was seen to differ slightly from vermilion-pink in that it was of 
a brilliant ruby-Hke transparency, and lacked the flocculent or 
slightly cloudy appearance of vermilion pink. This difference 
seems to arise partly from a difference in the distribution of the 
pigment. In vermilion pink the pigment looks as though it 
were mainly in the spaces between the radially arranged om- 
matidia with a clearer zone just under the surface of the eye. 
One sees in the vermilion pink eye a light fleck which travels 
over the eye as it is turned. This seems to be due to a de- 
ficiency of pigment in the deeper parts of the eye, and the light 
fleck is this light center seen through the small group of facets 
whose axes are in fine with the eye. The pigment in the case of 
the new eye color gave the appearance one would expect if it 
were uniformly distributed or even in solution throughout the 
eye. 

INHERITANCE 

This single male with the orange-like eye color was outcrossed 
to a wild female, and in Fi gave only wild-t 5 T)e males and females 
(wdld-type 9 32, cf 33; reference no. Bl) which showed that 
the color was recessive. In the orange-like color reappeared, 
but in addition the sex-linked eye color vermilion emerged, and 
also a new eye color, 'purple,’ which appeared equally among the 
F 2 females and males, and therefore was known to be an autoso- 
mal (not sex-linked) character. It was now evident that the 
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orange-like color resembled the old ‘orange’ (vermilion pink) 
genetically also, for it was proved by this F. to be a double 
recessive, vermilion purple, in which purple corresponds to 
pink. 

It seems probable that the two eye-color mutations, ver- 
milion and purple, present in the male first found were not of 
simultaneous or related origin. There was a vague report that 
the vestigial stock had contained vermilion at some time pre- 
vious to this discovery. No vermilion or purple was found in it 
subsequently, however. 

DESCRIPTION' 

^The purple eye color passes, in its development, through an 
interesting cycle of changes closely parallel to those seen in the 
ripening of a ‘sweet’ cherry. In the i)upa the eye is at first 
colorless, then it assumes a creamy tone, which in turn becomes 
pinkish, passing progressively through a yellowish pink to pink 
and to ruby. When the flies hatch the color is a transparent 
rather deep ruby. This color rapidly deepens to garnet and 
then passes on to a purplish tone. The typical purple color at 
its maximum development — in flies about a day old, while 
retaining much of its transparency, appears darker in tone than 
the red of the wild type, purple being the first of such ‘dark’ 
eye colors. As the fly becomes older this ‘ripe-cherry’ color is 
progressively obscured, apparently by an increase in a flocculent 
red pigment like that of the wild fly. The eye color thus be- 
comes somewhat lighter than red again, though always di.s- 
tinguishable by a lesser opacity and by a light ‘fleck’ in place 
of the hard dark fleck seen in the wild eye. With extreme old 
age the color approaches still closer to red, but does not liecome 
strikingly darker, as do pink and sepia, for example. In purples 
of the same age fluctuations in color are not great. The sepa- 
ration of purple from red is easy if done while the flies are mostly 
under two days old, though the climax in the development of the 
purplish tone offers the most favorable stage. 

^ For a colored figure of purple see plate 5, figure 8, of a forthcoming Carnegie 
publication (No 286) by Bridges and Morgan. 
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THE DIFFERENTIATION OF PURPLE BY VERMILION-DISPRO- 
PORTIONATE MODIFICATION 

While the difference Ibet ween the color produced by the purple 
gene and the color produced by its wild-tj^e allelomorph (red) 
is distinct, it is neither great nor striking, since in tone purple is 
first slightly darker and later somewhat lighter than red. How- 
ever, in classifying the eye colors in F2 from the cross of ver- 
milion by wild, it was observed that the difference between 
vermilion purple and vermilion not-purple was not only con- 
stant in direction, but also conspicuous in extent. The sepa- 
rability of purple versus not-purple is favored by the presence of 
vermilion, which may therefore be called a ‘differentiator’ of 
purple. Regarded in the converse relation, namely, the effect 
of purple on vermilion rather than the effect of vermilion on 
purple, purple is a much stronger modifier of vermilion than of 
not-vermilion. Purple may be described as a ‘disproportionate 
modifier’ of vermilion, since from the small amount of its effect 
on eye color when acting alone one would not have expected the 
great effect it produces when acting in the presence. of vermilion. 

This type of intensification — disproportionate modifier and, 
conversely, differentiator — stands midway between the normal 
relations where combination effects are roughly proportional to 
the separate effects so that both genes may be called ‘general 
modifiers,’ and the special relation where a given gene, ‘specific 
modifier,’ produces by itself no visible effect whatever, but 
which gives a more or less marked effect when acting in con- 
junction with some other gene, its specific base, sensitizer, or 
differentiator. 

In order to make full use of this differentiation of purple 
versus not-purple by vermilion, it is necessary that all flies used 
in the experiment should be made homozygous for vermilion. 
This is often inconvenient, and accordingly only in the early 
and comparatively simple experiments was this method em- 
ployed. It was soon found also that the separation of purple 
from red was not causing any trouble, so that the differentiation 
in this case has little net advantage, though it is still of interest 
as being the first example in Drosophila in which intensification 
was recognized and deliberately made use of. 
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THE RELATION OF PURi'LE TO PINK 

Some ofithe first purples which emerged in the were crossed 
to pink, to test whether these two somewhat similar eye color 
were allelomorphic or not. Four such pair matings produced 
only wild-type males (134) and females (137), which showed 
that purple is not an allelomorph of pink. 

THE LINKAGE OF PURPLE AND VESTIGIAL 

It was observed (April 2, 1012; Bl) that in the F- from the 
cross of the original male to wild nearly all of tli(‘ flies that wore 
purple were also vestigial. This observation, following on the 
heels of the black-curved case, furnished a second exainjile of 
autosomal linkage, this time one of so-called ‘coupling.’ the 
black-curved case having been ^repulsion.’ No full counts were 
made of the proportion of purples that wer() vt'sligial. Indeed, 
at this early stage the linkage relations were ]*e('(M\ing loss 
attention than eye-color ‘series.’ 

BACK-CROSS TEST OF MALES, PURPLE VESTIGIAL ‘COUPLING’ 

The adv^antages of the back-cross motljod of testing linkage 
and the amount of crossing over had only begun to !)(' appre- 
ciated. This method had been a]ipliod to a few eases in Uie X 
chromosome, and the general attack upon tlu^ linkage, of all 
autosomal mutations planned by Sturtevant and Bridges (March 
5, 1912) contemplated its full use. 4Tus far only two autosomal 
back crosses had been completed — those l)y which Sturtevant 
showed the absence of linkage between the sc^cond chromosome 
and the third chromosome (balloon ebony, May 10, 1912, and 
black pink, May 12, 1912). Because of the difliculty of getting 
the necessary double recessives no back cross wliich in- 
volved Autosomal linkage had been ])ossible until purph^ arose 
in the vestigial stock and thereby gav(‘ the required double 
recessive, purple vestigial, with which such a test of the amount 
of crossing over between purple and vestigal could be conducted. 
From the F 2 described above, matings were made whi(!h gave 
two stocks to be used in this test. (Jne stock was the simple 
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purple vestigial, and the other was purple vestigial pure for 
vermilion. The special advantage of this latter stock lay in the 
fact that the presence Df vermilion accentuates the difference in 
eye color between the flies that are purple and those that are 
not, that is, vermilion purple is easier to separate from ver- 
milion than is the case in the equivalent separation of purple 
from red. 

This latter stock was accordingly used in the Pi mating for 
the first back-cross test. Vermilion purple vestigial males were 
out crossed to females of vermilion stock (May 25, 1912), Both 
parents were homozygous for vermilion, and the Fi flies were all 
vermilion as expected. Both purple and vestigial are recessive. 
When the back-cross matings came to be made, the culture 
bottle happened to contain no virgin Fi females, since the Pi 
mating had been made at Columbia and the Fi progeny used 
had hatched en route to Wood's Hole. The back cross was 
therefore made in only one way — by mating the Fi males to 
virgin vermilion purple vestigial females of the stock kept for 
that purpose. Five back crosses were started by mating in 
each case a single Fi vermilion male by two or three stock ver- 
milion purple vestigial females. At the end of ten days the 
parents were removed from the culture bottles and were put in 
fresh bottles in which second broods were raised. In one case a 
third brood was raised (table 1). 

The linkage results of these back crosses were somewhat 
unexpected, for in four of the lines no crossovers at all were 
obtained, and in a fifth only a few. In the original Fa culture 
several crossovers had been noted, and five Fa cultures raised 
from the brothers and sisters of these back-crossed males were 
giving in the neighborhood of 15 per cent of crossovers (table 2). 
The apparent crossovers had all appeared in one culture of the 
first and of the second broods, and for this reason a third culture 
was raised from that particular set of parents and it also gave 
apparent crossovers. 

A second back-cross experiment, using the simple purple 
vestigial stock instead of the vermilion purple vestigial, was 
started (June 25^ 1912) a month later than the first and before 
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TABLE 1 


The B. C. offspring given by the Fi (vermilion) sons, from the oulcross of (vermilion) 
purple vestigial males to vermilion females, when hack crossed to {vermilion) 
purple vestigial females First and second broods given separately. 


1912, JUNB 24^ 

N0N-CB0S80YI118 

CKOSSUVEItn 

(Vermilion) 
purple vestigial 

(Vermilion) 

(Vermilion) 

purple 

(Vermilion) 

Vi*9tiKiftl 

BlO.l 

90 

186 

0 

0 


71 

202 

0 

0 

BIO. 2 

72 

197 

0 

0 


72 

206 

0 

0 

Bll.l 

45 

126 

0 

0 


65 

195 

0 

0 


51 

88 

7 

3 

B11.2 

98 

178 

27 

2 


43 

72 

4 

0 

B11.3 

54 

191 

0 

0 


37 

70 

0 

0 

Total 

698 

1711 

38 * 

5 


* Date on which the cultures of the table began to produce offspring. 


TABLE 2 


The Ft offspring given by ike Fi (vermilion) sons and daughters from the outcross 
of (vermilion) purple vestigial males to vermilion females 


1912, JCNi 17 

! 

{vermilion) 

(viRsnuoN) 

PDHPLE 

VtaTlGIAL 

(vermilion) i 
PURPLE i 

(vEIlMIMt)N) 

VESTIOIAL 

B8.1 

200 

23 

9 

5 

B8.2 

88 

21 

3 

4 

B8,3 

255 

66 

25 

5 

B9.1 

368 

19 

3 

7 

B9.2 

346 

17 

19 

9 

Total 

1257 

14C 

59 

30 
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the results of the first were fully known. A purple vestigial 
male outcrossed to a wild female produced wild4ype sons and 
daughters (page B39;*4- 9 15, -f- cf 10). Four of the Fi 
females were back crossed each by two or three purple vestigial 
males from stock. In this case Fi females happened to be 
chosen because, as is usually the case, they hatched somewhat 
earlier than their brothers in the same culture. 

These back-cross cultures (table 3), in common with the 
previous F 2 cultures (table 2), showed a fair amount of crossing 
over between purple and vestigial. A calculation showed that 
the percentage of crossing over was 9.1. 

TABLE 3 


The B. C. offspring given by the Fi daughters, from the outcross of a purple vestigial 
male to a mid female, when back crossed to purple vestigial males 


1012 , JULY 16 

NON-CRO-SSOVERS 

CROSfiOVEES 

Purple vestiRijil 

Wild type 

Purple 

Vestigial 

U30 1 

82 

163 

• *12 

15 

1330.2 ■ 

80 

133 

14 

10 

1330,1 

32 

53 

3 

7 

B39.2 

62 

141 

9 ; 

9 

■■■■ "i 

Total 

2oG 

490 

38 ' 

41 


This was recognized as being of a different degree from the 
apparent percentage of 1.8 calculated from the first back cross 
(table 1). It was now realized for the first Lime that the two 
back crosses had differed in the sex of the Fi flies tested by the 
back crosses —that the first hack cross was a test of the amount 
of crossing over in the male and the second was of crossing over 
in females. Up to this time there had been no suspicion that the 
result of a back cross could be in any way dependent on the sex 
of the Fi parent used in the experiment. From this evidence it 
was concluded that there was crossing over in the male, but that 
it was of different degree from that in the female. In Septem- 
ber, 1912, Morgan showed that in the case of black vestigial no 
crossing over whatever had occurred in the male, while in the 
female there was even more crossing over than had been found 
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in the case of purple vestigial. Subsequent tests, including 
hundreds of thousands of individuals, have shown that ordi- 
narily there is no crossing over in the male for any chroiuosoine 
and that the few cases that have occurred were probably not 
brought about by the same mechanism as that by which cross- 
ing over is ordinarily effected. 

NO CROSSING OVER IN THE MALE 

A clear conception of the fact of no crossing over in the male 
was prevented in the original vermilion i)ur])le vestigial back- 
crQSS test by the apparent occurrence of c rosso v{'rs in one of the 
fivi lines. No tests were made of the ap])areut crossovcTS 
because there was at that time no evidence, aside from the in- 
consistency within the experiment, to suggest that they were 
highly unusual. Against the supi)osition that some chu'ical 
error might have been made is the strong internal evidence i)re- 
sented by the aberrant cultures. Tims, the (ailtures could not 
have been Fa’s that Avere mislabeled, since the proi)ortion of 
purple vestigials in this line is the same as that in the other back- 
cross cultures and is much larger than that in any of the Fa 
cultures. Also, the parents Avere (‘urefnlly exruniinMl when they 
were transferred to the third culture bottle mid wvw Siam to Im 
a vermilion male and vermilion purple vestigial iemales only, 
Avhich is the back-cross type of mating. Tlie examination of the 
parents also excluded the supposition that the line may have 
been a back-cross test of the female rather than of the male. 
Perhaps some unkhoAvn peculiarity of the stocks used may hav(‘, 
been responsible for the apparent crossing over, thus, it has 
been suggested that some other eye coh)r rescan bling imrple, 
such as ^maroon/ had been present, probably only in hetero- 
zygous form, in the vermilion purple vestigial stocF. Such an 
explanation Avould account for the crossover class elassifuMi as 
vermilion purple, but entirely fails to account for the corri[)le- 
mentary class of exceptions— the foAv but carefully attested \es- 
tigials that Avere not-purple. In fact, none of the suggestions 
that haA^e been made have offered a satisfactory escape from the 
alternative of some kind of crossing over in the male. 
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If these were true crossovers, it is possible that their pro- 
duction had no relation to the mechanism by which crossing 
over is ordinarily effected. Thus, Muller (T6) reported a case 
of crossing over in the back-cross test of a certain Fi male from 
the mating of truncate to black. However, all of the gametes of 
this particular Fi male proved to be crossovers, so that crossing 
over must have occurred, once for all, in an early cell of the 
embryo, and, as usual, no crossing over whatever occurred during 
spermatogenesis. The spermatozoa, all of which were descended 
from this embryonic crossover cell, simply inherited the cross- 
over combination. In the case of purple vestigial, a like ox- 
pJanation would apply, except that in this case the crossing (0er 
occurred in a somewhat later stage of the embryo, and in conse- 
quence only a part of the spermatogonial cells carried the 
crossover combination and only sperm decended from these 
particular cells produced crossover progeny. 

That somatic crossing over has little analogy to the ordinary 
type is proved by a similar case of embryonic crossing over in 
the female, which was then followed by crossing over of the 
ordinary type. A mating was made such that a certain class of 


daughters should all have the composition 


+ + s g +■ 


Seven of the eight daughters tested had this expected compo- 
sition, but one (no, 3464) gave only offspring corresponding to 

the composition That is, the gene for lethal 9 

was found to be not in the chromosome in which it entered the 
zygote, but in the homologous chromosome derived from the 
other parent. As in the truncate X black case, this transmi- 
gration took place after fertilization and so early in the em- 
bryonic history that aU the germ cells were descended from this 
altered cell. A significant feature of this case is that while the 
change must be described superficially as double crossing over, 


* The symbols above the line represent the genes in the chromosome derived 
from one of the two parents, those below from the other. The -|- signs represent 
simply the wild-type allelomorphs of the mutants dealt with, and these signs 

may usu^y be omitted. 
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this double crossing over occurred within a region only ten units 
long 8i space shorter than that in which double crossing over 
of the ordinary type has ever been detected even in certain re- 
gions of the autosomes in which double crossing over is relatively 
most frequent. 


MUTATIONS 

Two new mutations were found and two old ones reoceurred 
in these back-cross experiments on the linkage of purple and 
vestigial. 

‘Kidney’ eye shape, a third chromosome recessive, was found 
in B. C. culture B10.2, June 26, 1912 (table 1). This mutant, 
the first affecting the shape or texture of the eye, was con- 
siderably used in the early days (Morgan, ’14, and Bridges, 
’15), but has now been superseded by mutants less variable and 
esisier to classify. 

In culture B39.2 it was noticed, July 26, 1912, that several 
of the wild-t3q)e - flies had more dorsocentral bristles on the 
thorax than the regular number, four. Later it was found that 
such extra-bristled flies were occurring in small proportions in all 
four sister cultures, from which it would appear that the muta- 
tion was a recessive, introduced through the purple vestigial 
stock used twice in the experiment. The extra bristles oc- 
curred among all classes in the experiment indifferently, which 
would seem to indicate that the gene were not second chromo- 
some, since if it were the extras should have been relatively 
more frequent among the purple vestigiaLs. The number of 
extra bristles varied from one to four, the highest total bristle 
number observed being eight. Extra bristles were also observed 
to be frequent in two or three other stocks. A stock throwing 
extra thoracic bristles derived from B39.2 was maintained by 
careless mass selection for some time and was finally given to 
Mr. E. C. MacDowell to be used as the basis of rigorous selection 
experiments (MacDowell, ’15). As the result of a survey of all 
stocks known or suspected to contain extra bristles, MacDowell 
chose a certain wild stock as the most favorable starting-point 
for his selection. 
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In culture B9 a jaunty (jaunty 4) appeared which gave rise 
to a stock similar to the original jaunty^ but so far as known of 
separate origin. 

In three or four of the cultures, for example, in B9.1, arc wings 
(arc 6) appeared, and these were indistinguishable from the 
original arc, though quite certainly of different origin. 

Since these early experiments ^ many other mutations have 
arisen in experiments involving purple, but these need no 
special mention here. 

THE INVIABILITY OE VESTIGIAL— PEE MATURATION, 
REPUGNANCE, LETHALS 

One of the most striking features of these crosses involving 
purple and vestigial was the failure of vestigial to appear in as 
high a proportion as expected. In the F 2 (table 2) where 25 per 
cent of the flies were expected to be vestigial, only 12 per 
cent were vestigial; in the back crosses where half of the flies 
were expected to be vestigial, only 29 per cent (table 1) and 36 
per cent (table 3) were vestigial. That is, only about half as 
many vestigials as were expected appeared in these back crosses. 

Such a condition is usually described by the blanket term 
Tnviability;^ but a consideration of the viability’ met with in 
the case of rudimentary (Morgan, T2) had just led to two new 
conceptions: first, that the power of fertilization possessed by a 
given gamete is influenced by its genetic environment prior to 
maturation; second, that a given type of gamete is less likely to 
produce a viable zygote with one than with another of two classes 
of sperm. The conception of ' preinaturation’ was used to ac- 
count for the fact that a rudimentary-bearing egg from a pure 
rudimentary female is much less able to give a viable offspring 
than a like egg from a mother only heterozygous for rudi- 
mentary. The principle of ^repugnance’ was exemplified by 
the cross of rudimentary by rudimentary, which gave no offspring 
whatever though repeated several hundred times and although' 
both the male and female give offspring when outcrossed. 

The shortage of vestigials in the above crosses was thought to 
be parallel to the results given by rudimentary, except that in the 
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case of vestigial the effects of prematuration and repugnance 
were not as great in degree. On the basis of these results, an 
analysis of the extent to which each of these principles con- 
tribute to the 4nviability' of vestigial was undertaken by G. L. 
Carver (results not yet published). In Carver’s investigation it 
was assumed that the shortage in these experiments had been 
largely due to a cause intrinsic to the vestigial itself, for which 
reason any stock of vestigial should be equally valid for the test. 
The stocks used in the above experiments were not used because 
they were full of odds and ends of mutations which might lead 
to confusion. The tests of Carver showed that very little pre- 
maturation or repugnance is inherent in vestigial, the ratios 
being exceptionally close to Mendelian expectation. Wherefore 
it seems probable that the shortage met with in the purple 
vestigial experiments w^as due to some cause peculiar to the 
stocks used or to the culture methods used in the experiment. 
Later tests with stocks descended from these original stocks have 
failed to give such aberrant viability. 

Another explanation, that has been more recently applied to 
particular instances in which a character ordinarily of excellent 
viability has not appeared in the expected proportion, in that 
a lethal gene is present. Thus, an autosomal lethal in the 
second chromosome and quite far to the right of vestigial (i.e., 
close to speck) would give results roughly comparable to those 
observed. The difficulty with such an explanation in this case 
is that the uniform results given by all the cultures would re- 
quire the lethal to be present in nearly all the individuals— a 
frequency entirely out of the question both from a priori con- 
siderations and from the results of subsequent tests made with 
these stocks. Such iethals as have been found in the vestigial 
stock (by-L. J. Cole and by students at Columbia) should not 
give results like those observed. 
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THE PURPLE ‘EPIDEMIC/ ‘MUTATING PERIODS’ 

Shortly after the discovery of purple, purples or eye colors 
closely resembling purple began to be found in stock and experi- 
ments everywhere. In the interval of six months following the 
discovery of purple such occurrences numbered fourteen and 
furnished the first as well as the most striking of the ^epidemics 
of mutation’ that seemed to sweep over our material at this 
period. From later and well-authenticated cases (e.g,, ver- 
milion, cut, notch, etc.) it appears that certain mutations do 
recur, and in the case of cut, four independent occurrences 
followed one another so closely that the term ^epidemic’ is 
descriptive of the condition observed. . However, in the early 
cases (purple, jaunty, arc, etc.) it is certain that a large majority 
of the apparent cases were not true reoccurrences of the mutative 
change, but were due to several other conditions. Thus, the 
1st, 5th, 6th, and 13th apparent purples proved to be maroon, 
a third chromosome eye color practically indistinguishable from 
purple in appearance. That is, ^mimic’ mutations were not at 
first distinguished from the original type. Nor were new 
mutant allelomorphs distinguished from types already known 
unless the difference was striking. Certain others of the occur- 
rences were proved not to be of independent origin, thus purples 
8 and 9 were both shown to have been descended from a certain 
common stock, and purples 10 and 11 were traced to a second 
common stock. It is undoubtedly true that in many cases 
where no connection can be traced such connection really 
existed, especially in the case of recessives, which might be 
distributed without giving sign of their presence. The psycho- 
logical element, too, is important — it is exceedingly difficult to 
recognize a mutative change, even a striking one, before one 
becomes ^sensitized’ to that particular mutation. Some of our 
mutant characters had long been present in stocks or experi- 
ments so that many flies showing the character must have been 
seen before attention became sharply focused upon the differ- 
ences shown. Contamination and errors of one sort or another 
have also inflated the number of apparent reoccurrences of 
mutations. It is therefore to be doubted if more than two of 
the apparent reoccurrences of purple were genuine remutations. 
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REPETITION OF THE PURPLE VESTIGIAL BACK-CROSS TESTS 

Because of the number of disturbing conditions that had been 
met with in the first set of tests of the linkage of purple and 
vestigial, a second and more extensive set was started. These 
second experiments were carefully planned, and in the results ob- 
tained approach present standards of uniformity and reliability. 
The viability of vestigial was excellent, and the equality of con- 
trary classes throughout the experiments speaks for the favorable 
culture conditions. The new experiments were conducted with 
a purple vestigial stock descended from that used in the experi- 
ments of table 3, but cleared of mutations and perhaps other 
disturbing factors by outcrossing to wild and by selection started 
among the F 2 progeny and maintained for several generations 
until it seemed probable that the stock was clean. Also, from 
,the progeny of table 3 some purple (not-vestigial) crossovers 
were selected, and from them was secured in a few generations 
a simple purple stock free from vestigial and from the other 
mutant characters known to be present. A preliminary test of 
the qualities of this purple stock was made by outcrossing a male 
to a wild female and carefully examining all F 2 flies (table 4). 
The F 2 showed only purple (150) and wild- type (3U0) flies as 
expected, but the ratio was 1 : 2 instead of 1:3. While this 
deviation was significant (4.1 times the probable error), it 
indicated a peculiarity of the wild parent rather than of the 
purple, and was not further regarded. The vestigial stock used 
was that from which purple itself was derived. It had been 
examined frequently and seemed to be clean. 


TABLE 1 


The Fi offspring from the cross of a purple male to a wild female 



WILD TYPE 1 

PURPLE 

1912, VOVEMHER 25 





Females 1 

Males 

Females 

Maioa 

C178 

118 

81 

35 

32 

C179 

47 

54 

33 

40 

Total 

300 

150 
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TABLE 5‘ 

The B. C. off^yring given by the Fi mld4ype sons, from the outcross of a purple 
vestigial male lo a wild female, when back crossed to purple vestigial females 



NON-CfiOSSOVERH 

CRosaovERa 

Purple vestigial 

Wild type j 

Purple 

Vtetigia] 

m 

. 62 

^ 52 

0 

0 

DH 

113 

^ 141 

0 

0 

DS 

131 

1 ^6 

0 

0 

DS' 

34 

! 28 . 

0 

0 

DT 

89 

68 

0 

0 

DT' 

33 1 

22 i 

0 ! 

0 

DO 

90 

112 

0 

0 

Total ! 

552 

519 

0 

0 


* This table and the next (table 6) were included by Morgan in his paper on 
“No crossing over in the male of Drosophila . . . Biol. Bull, April, 1914,* 
pp. 200 and 201 . 


The question of crossing over in the male was the first point 
attacked. Complementary Pi matings were made (June 13, 
1913) by crossing purple vestigial to wild (‘coupling^) and by 
crossing purple to vestigial (^repulsion'). Fi males from these 
matings were back crossed singly to purple vestigial females 
from the stock. The parents were in several cases transferred 
at the end of ten days to fresh culture bottles and second broods 
then raised. 

The offspring from the ^coupling’ experiment (tablets, 5 pairs, 
both broods) gave a total of 1071 flies, .not one of which was a 
crossover, and the ‘repulsion’ experiment (table 6, three- pairs, 
both broods) added 704 more (total 1775), not one of which was 
a crossover. Since these were back-cross experiments, there was 
no masking of results possible, and crossover gametes had every 
opportunity to reveal themselves had any been formed. There- 
fore, each fly recorded above is a true non-crossover. While the 
total absence of crossovers in these repetitions of the male test 
cannot prove that the apparent crossovers in the original test 
were not genuine crossovers, it added to the already large body 
of evidence which showed that they were aberrations from the 
normal condition. 
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TABLE 6 

The B. C. offspring given by the Fi mid-type sons, from the outcross of a purple 
male to a vestigial female, when back crossed to^purple vestigial females 


i 

1913,jult7 

N0N-CR0880VER8 

CROSSOVERS 

Purple . 

Vestigial 

Purple vestigial 

Wild typo 

DV 

62 1 

42 

0 

0 

DV' 

70 i 

78 

0 

0 

DW 

61 

53 

i 0 

0 

DX 

66 1 

103 

0 

0 

DX' 

79 

90 

1 0 j 

0 

Total 

346 

358 

0 

0 


The second point attacked was the amount of crossing over in 
the female between the loci purple and vestigial Fi daughters 
from the same two complemetery crosses that had furnished the 
material for the male tests just given were back crossed singly 
to purple vestigial males. 

BALANCED INVIABILITY—COMPLEMENTARY CROSSES 

The reason why both 'coupling' and ‘repulsion' experiments 
were made is that by combining the two sets of data one can 
calculate a linkage value more nearly free from the errors due 
to disproportionate inviability of any class (Bridges, T5; Muller, 
T6). Within each back cross the inviability effects due to a 
given mutant form are largely neutralized. Since the inviable 
form occurs both as a crossover and as a non-crossover, both of 
these classes are lowered, but lowered proportionately, so that 
the linkage ratio remains practically undisturbed. This internal 
balancing holds less well for combinations of characters, for any 
given combination occurs in an experiment either as a crossover 
or as a non-crossover, but not as both, and should any combi- 
nation have an inviability disproportionate to that of the com- 
ponent mutant forms, then the crossover value would be 
disturbed. The remedy for this condition is to balance the 
experiments in which a relatively invariable class occurs as 


TH* aOUHNAL OF EXPBRIMFNTAL ZOOlOOV, VOL. 28, NO. 2 
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a crossover by an equal amount of data in which this same 
class is a non-crossover. It is often not convenient or possi- 
ble to have complementary crosses of equal weight; but what* 
ever is done in that direction, however little, is of advantage, 
and even a partially balanced result is to be preferred to one 
from only one type of cross. With improvements in culture 
methods, inviability effects have been very much reduced 
everywhere. Also with the great increase in the number of 
mutations, there is now provided an abundance of forms which 
show only negligible inviability. Our regular work utilizes only 
these viable forms, and except for very special purposes those 
mutants which show more than a slight inviability are avoided. 

The first back crosses of purple vestigial had shown a marked 
inviability for vestigial and a slight inviability for purple. The 
new back crossed showed practically no inviability for purple 
and a very moderate amount for vestigial, but still enough to 
repay the added labor required by the balancing cross. As in 
the first back cross test of the female, the linkage shown was 
fairly strong. Since the linkage shown by second broods proved 
to be different from that of firsts, only first broods will be con- 
sidered for the moment. The ^coupling' experiment (table 7) 
gave a total of 2839 first-brood flies, of which 305, or 10.7 per 
cent, were crossovers. The ^repulsion’ first broods (table 8) 
gave a total of 2335 flies, of which 303, or 13 per cent, were 
crossovers. When the first-brood data from both these experi- 
ments are combined so that the inviability is balanced, the 
crossover value is 11.8 (table 9). 

These two component crossover values differed slightly from 
each other and from the value (9.1) obtained in the original 
experiment. It may be questioned whether the difference in the 
crossover values was entirely due to inviability. Slight differ- 
ences of this order, but many of them undoubtedly significant, 
are continually appearing in our work. Other known causes of 
linkage variation besides inviability are: differences in the age 
of parents (Bridges, T5), or of the temperatures at which the 
experiments are conducted (Plough, T7), or mutant ‘crossover’ 
genes (Sturtevant, Muller, and Bridges), and probably to several 
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TABLE 7 


The B. C. offspring given by the Fy mid-type daughters Jrom the outcross of a purple 
vestigial male to a wild female, when back crossed to purple vestigial males 


1913, JULT 5 

N0K-CB0880VBRS 

j CROBSOVGRS 

PEH * B.VT 
IlF 

CROeSOVEHS 

riLA VIJI 

WITH Mit 

Purple 

vestigial 

Wild type 

Purple 

Vestigial 

DA 

178 

202 

16 

16 

7.8 


DA' 

152 

227 

13 

14 

6.6 

-1,2 

DB.. 

91 

100 

18 

13 

14 0 


DB' 

69 

104 

12 

8 

10.3 

-3,7 

DC 

165 

150 

17 

19 

10,3 


DC' 

191 

1 216 ; 

18 

17 

7.9 

-2,4 

DD 

140 

149 1 

20 

15 

10.8 


DD' 

116 

122 

9 

4 1 

5,2 

-5,6 

DE 

191 

214 

20 

19 

; 9.0 


DE' 

196 

229 

11 

22 

7.2 

-1.8 

DF 

202 ' 

226 

20 

22 

8.9 


DF' ! 

197 

228 

25 

20 

9.6 

+0.7 

DG...^ 

105 

158 

17 

17 

11.4 


DG' 

188 

232 

17 

14 

6.9 

-4.5 

DH 

123 

140 

26 

30 

17.6 


DH'.. i 

129 

179 

11 

20 

9.1 

-8,5 

Firsts 

1195 

1339 

154 

151 

10.7 


Seconds 

1238 

1539 

116 

119 

7.8 

-2 9 


other internal and external factors not yet analyzed. The best 
that can be done in correction is to calculate mean values from 
as many experiments as possible where none of the recognized 
causes of variation are especially active and thus obtain a sort 
of composite picture of the ' normal’ condition. 
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TABLE g 


The B. C. offspring given by the Fi mid-type daughters, from the outcross of a 
purple male to a vestigial female, when hack crossed to purple vestigial males 


B.C. 

NON-^OSSOVEBS 

CBOSSOTEBS 

PIB CENT 

OP 

CBOSSOVBBS 

CHANGE 
WITH AOB 

Purple 

Vestigial 

Purple 
i vestigial 

Wild type 

DI 

j 157 

178 

26 

21 

12.3 


Dr 

1 200 

165 

1 

14 

6.7 

-5.6 

DJ 

198 

176 

23 

23 

11.0 


DJ' 

242 

195 

19 

26 

0.3 

-1.7 

Die 

252 

227 

34 

38 

13.1 


DK' 

198 

. 178 

26 

20 

10.9 

-2.2 

DM 

205 

: 158 

27 

32 

i. 140 


DM' 

213 

i 246 1 

14 

23 

! 7.4 

-6,6 

DN 

66 

54 

6 

11 

12.4 


DN' 

66 

64 

4 

7 

7.8 ! 

-4,6 

DO 

189 

172 

30 1 

32 

14.6 


DO' 

217 ' 

225 

13 1 

18 

6.5 

-8.1 

Firsts 

1067 

965 

146 

157 . 

13.0 


Seconds 

i 

1136 

1073 

88 

108 

8.1 

-4.9 


TABLE 9 


Linkage of purple and vestigial ivith balanced inviability 



NON- 

CBOeSOVSBS 

CROSSOVEBS 

TOTAL 

PBBCBNT 

OP CBOSSOTEBS 

Purple 

1067 

154 



Vestigial 

965 

151 



Purple vestigial 

1195 

146 



Wild type 

1339 

157 



Total 

4566 

608 

5174 

11.8 
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THE VARIATION OF CROSSING OVER WITH AGE 

The reason for raising second broods iij these experiments was 
to obtain more offspring from each female and thus secure a 
more trustworthy index of the genetic behavior of each indi- 
vidual. This practice was extended to all the work at this time, 
and was continued until a comparison of the crossover values 
of the first and second broods brought out a remarkable relation 
in the cases involving the second chromosome. There was found 
to be a change in the amount of crossing over so that both in the 
totals for each experiment and in a great majority of the indi- 
vidual cultures the crossover value had fallen significantly. 
Equally surprising was the fact that there was no such change 
in the case of the first chromosome, and this added another 
proof of the distinctness of our linkage groups, that is, of the 
individuality of the chromosomes involved. The first case in 
which this decrease for the second chromosome was clearly seen 
was that of the back cross tests of the purple vestigial linkage 
given in tables 7 and 8. Of the eight females whose tests are 
given in table 7 seven showed a decrease in the percentage of 
crossing over and only one (F) showed an increase, which, how- 
ever, was smaller in amount than the smallest of the decreases. 
In the complementary case ‘repulsion' (table 8) all six females 
showed a decided drop. The totals likewise reflected this same 
change; the decreases were 2.9 and 4.9 units, respectively. The 
crossover value calculated from the balanced second broods was 
8, a decrease of 3.8 units, or, compared with the corresponding 
crossover value (11.8) from the balanced first broods, a 32 per 
cent decrease from the normal amount. Many other experi- 
ments have confirmed the fact of change in crossing-over fre- 
quency with the age of the mother, and some slight analysis has 
been made of the mechanism behind the results (Bridges To). 

THE LOCUS OF PURPLE-A TWO-POINT MAP 

The repetition of the purple vestigial back crosses was not 
carried out until the summer of 1913; meanwhile considerable 
progress had been made with the mapping of the second chromo- 
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some. The test of the amount of crossing over in the female 
between the loci purple and vestigial (table 3) had given a 
crossover value of 9.1 units. The next crossover value to be 
worked out was that of black vestigial as about 20 units (Mor- 
gan, T2). 

A THREE-POINT MAP 

With these two values alone it was not possible to determine 
the relative order within the chromosome of the three loci in- 
volved; it was apparent that black was farther away from ves- 
tigial than from purple, but it could not be told whether it 
lay on the same or on the other side of vestigial from purple. 
This value was expected to be one of two values depending on 
the order of the genes; it should be an approxiihation to either 
the sum (20 -h 9 = 29) or the difference (20 — 9 == 11) between 
the black vestigial and the purple vestigial values. To carry 
out a back-cross experiment for black and purple it was first 
necessary to make up the double recessive. No easy task was 
anticipated in this, for it has just become known that on ac- 
count of no crossing over in the male no double recessive could 
be obtained in F 2 , and in fact none was obtained (table 10). 
As expected, the F 2 ratio approximated 2: 1: 1; 0. Three sorts 
of mass culture matings were made: black X black, purple X 
purple, and black X purple. Of these matings the last type is 
by far the most valuable, since in case one of the flies happened 
to come from a black purple crossover egg X a black sperm it 
would give some purple offspring when crossed tojpurple; and 
these inbred, would give the required black purples^as a quarter 


TABLE 10 

Pi mating, purple o’ X black 9 ; inaling, iinld-lype 9 9 and cfd’ 


F., 1912. OCTOBEH 24 1 

WILD type 

BLACK 

1 

PURPLE 

! BLACK PURPLE 

i 

C68 

248 

137 

136 

0 

C69 

278 ' 

103 ' 

157 

0 

C70 

158 

60 

78 

0 

Total 

684 

300 

371 

0 
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of the next generation. Likewise, if one of the purples had 
come from a crossover black purple egg the black X purple 
cross would produce some blacks that Would give the required 
black purples upon inbreeding. If both the black and the 
purple chosen happened to have come from crossover eggs, 
then the double would be produced in directly. In case none 
of the parents proved to be from crossover gametes then at 
least the F 3 wild-type flies are equivalent to the Fi and would 
save a generation in the repetition. The other two types of 
crosses would give a favorable result only if both parents 
happened to be from crossover eggs, in which case the double 
would appear among their progeny. It so happened that one 
of the black X black crosses gave a few black purples in F:, 
directly, and* from these a stock was made for use in back 
crossing. At the same time a Pi mating of a black male to a 
purple female was started to furnish the required Fi heterozy- 
gotes. A single test of the Fi male showed, as expected, no 
crossing over whatever in the male (table 11 ). 

Two back-cross tests of the female gave a total of 773 flies 
of which 38, or 4.9 per cent were crossovers (table 12 ). Of the 
two expected values, that of 30 is excluded entirely, and that of 


TABI-K II 

Pi 7nating, purple (f X black 9 ; P- P\ c/* X black purple 9 


B. C. OF MALK 1912, DFCEMHEH 14 

VOV-{'UOSSl)\'E!{S 

CR0.S8OVF.nS MALE TEST 

Black 

Purple 

Black purple 

Wild type 

112 

74 

71 

0 

0 




TABLE 12 

F\ mating t purple X black 9 ; iS. C., Fj 9 X black purple cT 


B. C. or FEMALE 1912, UECEMBKIt 12 

N0.V-CR0S80VER8 

0R0B8OVKR8 

Black 

Purple 

Black purple 

Wild type 

C174 

1 320 

339 

13 

18 

Ill 

33 

43 

3 

4 

Total 

353 

3S2 

16 

22 
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10 is approximated, though not very closely. On this basis, the 
order of these genes is black purple vestigial, and not black 
vestigial purple. 

A THREE-POINT BLACK CROSS, BLACK PURPLE CURVED, WITH 
BALANCED INVIABILITY 


Most of the linkage experiments up to this time had involved 
only two loci, as the three just cited, namely, purple vestigial, 
black vestigial, and black purple. It was now realized that a 
more complex type of experiment involving all three loci at once 
would yield returns whose value far outweighed the greater 
labor entailed. Thus, a multiple back cross for black purple 
vestigial would give linkage data upon all three crossover values 
simultaneously, and these values would be strictly comparable, 
since there would be no possibility of discrepancies due to 
different conditions of culture or parentage. Accordingly, the 
simple black purple back cross was done on a scale only large 
enough to decide between two possible values and thus show 
what was the order of the three loci. A knowledge of this order 
is of great advantage in synthesizing the multiple recessive. It 
was found, as already stated, that black and vestigial are the 
Wo" farthest apart and the mating was accordingly arranged so 
that a crossover anywhere within this whole distance would 
give the required triple form. That is, black purple and purple 
vestigial were mated together and the resulting purple offspring 
^b pr + 


/ b Pr ± \ 
\+ pr vg/ 


. inbred. The F2 black purples and purple 

+ pr vg/ 

vestigials were crossed together in several mass cultures, and 
in F3 some triples occurred, showing that some of both kinds of 
F2 flies used had come from crossovers eggs. A better method 
would have been to back cross the Fi female by a black vestigial 
male. In this case every black vestigial crossover would be 

( b pr vg \ 

5 q.~vg ]’ these inbred 

would give the pure triple without the chance of failure that 
the method, actually used, ran. A stock of black purple ves- 
tigial was made from the triple recessives that hatched in Fa 
(March, 1913 ). 
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In carrying out the triple back cross, the principle of balancing 
the inviability by complementary crosses was applied. To com- 
pletely balance a three Locus experiment* required four types of 
crosses, so that every class may appear in each of the four 
crossover categories, namely, (0) non-crossovers, (1) crossovers 
in the first region, that between black and purple, (2) crossovers 
in the second region, that between purple and vestigial, and 
(1, 2) double crossovers, the simultaneous occurrences of crossing 
over in both regions. Thus, the cross of black purple vestigial 
by wild and the back cross of the Fi wild-t 3 TDe daughters by the 
triple recessive male gave one of the four types of crosses 
(table 13). The other types of experiment carried out were 
black by purple vestigial (table 14), black vestigial by purple 
(table 15), and black purple by vestigial (table 16). In order 


TABLE 13 

Pi matingf black purple vestigial cT X wild female ; B. C. mating Fi wild-type 9 X 
black purple vestigial cT 


1914, JAKUART 9 

b pr vg 

b 


1) pr 1 


vg 

pr vg 

|vg 

Black 

purple 

vestigial 

Wild 

type 

Black 

Purple 

vestigial 

Black 

purple 

vestigial: 

Bluck 

vestigial 

Purple 

IIUl 

89 : 

140 

3 


1 

11 

12 

1 


1 

II142 

118 

137 

3 


3 

15 

9 

— 


— 

II143 

61 

78 

2 


4 

12 

11 

— ' 


— 

Total 

268 

355 

8 

8 

38 

32 

1 

1 


TABLE 14 


Pi, black X purple vestigial; B. C. test of Fi 9 9 singly 


1914, 
MARCH 9 

b 1 

b(pr 

vg 1 

b 

1 '^.? 1 

bi pr 1 

pr 

vg 

1 . 

pr ) 

1 ' 

88 

114 

96 

10 ! 

10 

7 

15 

1 

1 

103 

92 

81 

15 

5 

12 

16 

1 i 

0 

104 

99 

98 

11 

15 

8 

17 

0 i 

0 

116* 

97 

66 

2 

12 

14 

13 

0 

1 

116 

164 

77 

6 

15 

12 

19 

2 

0 

Total. . . 

566 

418 

44 

57 

53 

80 ' 

4 

2 
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TABLE 15 


Pi, black vestigial X purple; B. C. lest of Fi 9 9 singly 


19 H, 

makch 10 

6 

Vg • 

1 >IJ 

pr 

1 

b 1 pr 

-1^ 

pr 

} * vg 

pr 

1 vg 

101 

So 

1 126 

10 

7 

* 23 , 

15 

1 

0 

102 

137 

1 133 

13 

13 

! 16 ; 

23 

0 

0 

112 

67 

1 68 

7 : 

7 

12 

8 

0 

1 

113 

92 

1 137 

1 13 

8 

21 

9 

1 

1 

Total... 

3S1 

1 

! 464 

' 43 1 

1 

35 

' 72 

55 

2 

2 


TABLE 16 


P[, black X purple X vestigial; B. C., of f i 9 9 singly 


1914. 

OCTOflER 28 

b p! 

VR 


vg 1 

b pr 1 vg 1 

I b 


! J pr 


pr 

vg 

C54 

1.30 

' 152 

1 

: 10 1 

5 

14 

10 

0 

0 

670 1 

124 

111 

10 

8 

11 

14 1 

1 i 

1 

671 1 

137 

138 

' 15 

6 

12 

30 

2 

2 

672 

131 

154 

7 

10 

18 

12 

0 

1 

673 i 

162 

151 

! 11 

7 

12 1 

13 

2 

0 

674 

159 

102 

I * 

7 

16 j 

24 

0 

2 

Total... 

843 

868 

61 

43 

83 

103 

5 

6 


that these four crosses should balance closely, the same number 
of cultures (six) was started in each case. A few of these cul- 
tures failed, and the total data in the separate experiments are 
consequently not in equal amounts. The balance is for this 
reason not perfect; though such partially balanced results are 
far better than an equal amount of data secured from only*one 
of the four possible types of experiment. Additional cultures 
could have been raised until a balance was reached, and such a 
practice has been followed in other cases, for example, the ver- 
milion sable forked case reported by Morgan and Bridges (T6). 
A summary of these complementary crosses appears in table 17, 
from which the following balanced crossover values ara calcu- 
lated; black purple 6.4, purple vestigial 10.8, and black vestigial 
16.3. 
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TABLE 17 

A summary of the four types of black purple vestigial black cross, with inviabilitij 
balajiced 


COM BTNATION8 

0 

1 

2 

; ! 

TOTAL 


268 355 

8 8 

38 32 

: 1 1 ' 


b pr vg 





711 

l 

623 

16 

70 

2 


b f 

566 418 

44 57 

33 80 

4 2 

1224 

vg 1 

984 

101 

133 

6 



843 868 

61 43 

83 103 

5 6 


b pr ! 





2012 

vg ( 

1711 

104 

186 

11 


u [ 

381 464 

43 35 

72 55 

2 2 


b vg I 





1054 

pr 1 

845 

78 

127 

4 


Total 

4163 . 

299 

516 

23 

5001 


COTNCIDEXCE 

Another and very important advantage of these more complex 
crosses is that the process of double crossing over can be ex- 
amined. Thus there were 23 double crossovers, or 0.40 per cent 
of the total flies. If the proportion of double crossovers were 
determined by chance alone the percentage should have been 
6.4 per cent of 10.8 per cent or 0.09 per cent of the total. The 
oW^erved per cent of coincident crossovers (0.40) is only 61 per 
cent of the theoretical per cent (0.60). This percentage, 01, is 
called the 'coincidence' for black purple vestigial. This index 
can be more conveniently calculated directly from the black- 
cross numbers as follows : 

No. doubles X Total flies X 100 _ 23 x 5001 X 100 _ 
Total firsts x Total seconds 322 x 539 

(Weinstein, '18) 
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THE RELATION BETWEEN COINCIDENCE AND MAP DISTANCE 

The coincidence of observed in this case is relatively very 
high. A coincidence under 5 is expected for cases in the first 
chromosome where similar map distances are involved. This 
higher coincidence may mean that for some reason the freedom 
of crossing over is much less in this region of the second chromo- 
some than it is in the first chromosome. The 17.5 units of map 
distance between black and vestigial may correspond to as 
great a length of actual chromosome as is involved in cases in 
the first chromosome where the coincidence is the same but the 
map distances are nearly three times as great. On the other 
handj instead of the higher coincidence being due to a lower 
^coefficient of crossing over/ it may be due to a relatively short 
^average internode.’ The length of chromosome represented by 
a given map distance may be the same in the two regions com- 
pared, but in the second chromosome the mechanism of double 
crossing over may not require so long a section of chromosome be- 
tween successive crossovers. If the average length of the inter- 
node was shorter because of this closer spacing of doubles, then 
a greater proportion of doubles would occur in the given region 
from black to vestigial, and coincidence would be correspondingly 
higher. However, the interest of these problems in double 
crossing over is out of all proportion to our progress in their 
solutions. It seems likely that it will be possible to derive a more 
satisfactory method of expressing these relations than is provided 
by the present formula; the new formulation must take account 
of separate factors anaiyzable in the process, and permit of tReir 
adequate representation. The conclusions based on the old 
formula must be regarded as provisional 

THE USE OF PURPLE IN MiAPPING OTHER GENES, CURVED, 
STREAK, ETC, 

The ^map’ of the second chromosome began to be useful when 
the order and spacing for the three genes black purple and 
vestigial were roughly established by the determination of the 
third value, that for black purple (December, ’12). The three 
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locus experiment just ^ven provided more accurate measures of 
the map distances involved. The preparation of the multiple 
recessive and of the Pj stocks delayed the completion of the 
experiment for nearly a year (January, 14). Meanwhile, these 
provisional locations were used as the basis for locating certain 
other genes more closely. The first of these was curved. 
Bridges and Sturtevant (Biol. Bull., 14) soon found (January, 
13) that black and curved gave approximately 23 per cent of 
crossing over. The next point to be determined was the relation 
of curved and one of the other two mutations whose loci had been 
mapped. Both of these tests were used, since each offered 
advantages; the chief disadvantage was that vestigial interferes 
with the classification of curved, so that it is impossible to dis- 
tinguish between the simple vestigial and the vestigial curved 
class. 

The purple curved test was undertaken by Bridges, who 
prepared to run a three-point back cross involving black purple 
and curved. The first step was the synthesis ‘of the purple 
curved double recessive. As soon as this was obtained it was 
turned ovet to W. S. Adkins, who ran a preliminary back-cross 
test of the simple purple curved crossing over, and found that 
there was about 18 per cent of crossing over. This enabled us 
to determine the relation of curved to the other three genes. 
The purple curved value of 18 showed that curved was closer to 
purple than to black (black curved = 23) and that purple and 
vestigial were therefore ‘to the right’ of black. Curved was 
further to the right than vestigial since black and vestigial gave 
only about 18 per cent of crossing over. 

The vestigial curved distaijce was tested by Sturtevant, who 
found that there was about 8.5 per cent of crossing over. Be- 
cause of the difficulty of classification already referred to, it was 
not thought worth while to run these tests on a large scale. 
However, vestigial is itself accurately mapped and is nearer to 
curved than purple is. These considerations are strong enough 
to warrant an extension of the vestigial curved tests which may 
furnish the main basis for the accurate mapping of curved. 
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Meanwhile, the purple curved test, while less satisfactory 
because of the longer interval with the attendant correction 
necessary for double crossing over, was more readily handled, 
and this led “to a rapid accumulation of data on the purple curved 
crossover value. The black purple curved triple recessive was 
obtained (May, 1913), and the back cross itself carried out. 
Thirteen of the Fi wild-type daughters form the cross of black 
purple curved to wild-type were tested by back crossing singly to 
males of the triple form. These same parents were, at the end 
of ten days, transferred to fresh culture bottles and second 
broods were raised. The details of the data of these cultures 
have already been published (Bridges, T5) and we need repeat 
here only the totals for the first broods (table 18). 


TABLE 18 

The total oj^epring of ike first broods of the black purple curved X wild back rose 
{details published Jour. Exp. Zool., July 191S, p. 8) 



b pr c 

b'l 

b pr t 

I pr 1 

1 

.4 

H 

3934 

a 

a,i 

> 

.Q 

\ 

5.4 

n 

D 

a 

18.1 


1 pr c 

1 c 

August 24j 1913 

1476 

1577 

96 

74 

339 

330 

19 

23 


The second broods confirmed on a large scale the fact first 
brought to light in the purple vestigial back crosses (tables 7 
and 8), that in the second chromosome the amount of crossing 
over changes with the age of the mother (Bridges, T5). 

The numerical relations in the first broods of this experiment 
confirmed the position of curved as already mapped. A map of 
the second chromosome was constructed on the basis of the data 
then on hand (October, T3), and was as follows: 

b pr vg c 

0,0 5.3 17.5 25.0 

The black purple curved back cross was carried out in only 
one of the four possible ways, and is therefore unbalanced. 
However, the results showed that inviabifity was neghgible. 
The little deviation from expectation can be attributed to 
curved, which appeared to the extent of 97^ flies for every hundred 
expected. 
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‘ALTERNATED' BACK CROSSES 


In cases where only one type of back cross is to be made the 
poorest type is that in which all the mutant genes are in the same 
homologue as was the case in the black purple curved X wild 
experiment just cited. The flies having the most mutant char- 
acters are relatively the least viable, and this type of cross 
furnishes the highest proportion of such individuals. The best 


type is that known as ‘alternated/ where the successive genes 


alternate between the two chromosomes 


( b + c ) 
+ pr + 


so that the 


maximum of evenness of distribution of characters is attained. 


It required double crossing over to put all the mutant characters 
in the same individual, and accordingly the ‘ alternated’ experi- 


TABLE 19 


The partially balanced hack-croioieii ijivolvitty ^treak, parple, anil curved 


COM BLN ATI ON' 

DATE 

; ^ 

1 

2 

I, 2 

TOTAL 

Hk 

1913 Nov. 6 

435 

247 

127 

09 

: 878 

pr c 

Sk pr 

1913 Dec. 18 

490 

254 

117 

02 

j 

929 

Total 


931 

501 

244 

131 

1807 


ment gives a minimum number of the combination that is most 

inviable. This principle becomes still more important in more 

, . ^ r .S+b + c+sp 

complex experiments, as, for example, ^ j 

u T" pr "i" px "T 

The next mutant whose locus was mapped with reference to 


purple as a base was ‘streak/ a dominant character which 
shows as a dark streak from the scutellum forward along the 


dorsal region of the thorax. The triple back-cross streak purple 
curved, which was made in two of the four possible ways, and is 
therefore partially balanced (table 19), showed that streak is 
far to the left of purple, that is, beyond black, and in the oppo- 
site direction from vestigial and curved. The streak purple 
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crossover value was 35, which showed that streak is so far to the 
left of purple that only an approximate calculation of its position 
could be made from the data. In a region of such length the 
correction to be supplied because of double crossing over is 
quite large and correspondingly inexact. On the basis of data 
that have since become available it appears that there is about 
37.3 per cent of crossing over between streak and purple. Purple 
has played an important role in the mapping of several other 
genes, the details of which will appear in accounts of these 
mutations. 

A SUMMARY OF THE LINKAGE DATA INVOLVING PURPLE 

Besides the data reported in this paper, there are available 
data from four other principal papers — Bridges^ study of age 
variation in crossing over (Jour, Exp. ZooL, ^15), MullePs study 
of crossing over by means of the progeny test (Am. Nat., ^16), 
Plough’s study of temperature variations in crossing over, and 
the data given in various sections of a Carnegie publication by 
Bridges and Morgan that is soon to appear. Table 20 gives the 
totals for all these data collected according to two loci calcu- 
lations. The black purple crossover value of 6.2 based on 48,931 
flies places the locus of purple at 6.2 units to the right of black, 
or at 52.7 when referred to star as the zero point. 


T.ABLE 20 

A summary of the purple crossover data 


LOCI 

TOTAL 

CBOssovarifl 

PER CENT 

Star purple 

8,155 

3,561 

1 

43.7 

Streak purple 

2,665 

883 

33.1 

Dachs purple 

1,489 

293 

19.7 

Black purple 

48,931 

3,026 j 

6.2 

Purple vestigial 

13,601 

1,609 

11.8 

Purple curved 

51,136 

10,205 i 

19.9 

Purple plexus 

344 

164 

47.7 

Purple arc 

2,625 

1,066 

40.6 

Purple speck 

11,985 

5,474 

45.7 

Purple balloon 

462 

218 

47.2 
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SPECIAL PROBLEMS INVOLVING PURPLE-AGE VARIATIONS, COIN- 
CIDENCE, TEMPERATURE VARIATIONS, CI108S0VEH MUTATIONS 
PROGENY TEST FOR CROSSlt\(^ OVER 

We have already seen how the study of the age ^’aI•iatio^ in 
crossing over for the second chromosome began with the purple 
vestigial back cross (p. 283) and was continued and eon tinned 
by the black purple curved triple back cross (p. 294). Some 
of the early data suggested that the drop in the second broods 
was followed by a recovery and perhaps even by a rise in later 
broods (Bridges’ ^15). 

To gain further light on the course of the variation through- 
out the life of the fly, a special and extensive experiment was 
continued through four broods. The entire length of the chromo- 
some was covered by the loci chosen 

V+ pr c sp/ 

This experiment showed the normal crossover values for the 
first broods, the usual drop for the second broods, and a slight 
continued drop for the third and fourth broods. However, the 
experiment proved inconclusive because of two ill adaptations: 
the chromosome distances involved were so long (c.g., S pr - 
52.7) that real changes could be concealed by a concomitant 
change in double crossing over, and further because tlie ten-day 
broods gave only four points on the curve of age variation, each 
point representing only the net change for a ten-day iieriod, 
while the real underlying curve may have changed its course 
so that an unknown part of eacli ten-day period may have ))een 
a fall and the rest a rise. 

The original black purple curved experiment had avoided one 
of these difficulties in that the black purple distance is so short 
that there is probably no double crossing over whatever wi'thin 
it. The second difficulty was met by Plough in his similar 
studies on the temperature variation of linkage by transferring 
his parents every two days instead of every ten f Plough, H7). 
As one of his control experiments Plough ran a black purple 
curved back cross of thirteen pairs, transferring each pair to a 
fresh culture tube every two days as long as the female lived 
(table 14, Plough, ’17), The plotted curve of the percentages 
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of crossing over between black and purple shows an initial high 
value (8 per cent) which during the first nine days falls rapidly 
at first and then more 'slowly to a low value (5 per cent), which 
is maintained with little change to about the sixteenth day. A 
sharp rise then sets in which reaches its ma ximum (8 per cent) 
at about the twenty-first day. The succeeding fall is again 
slow, reaching its minimum (3.5 per cent) at about the thirtieth 
day. Beyond this point the curve again rises slightly, but the 
data were too few to be significant beyond about the twenty-fifth 
day. While there was some variation in the amount and 
rapidity of these changes in the various individual curves, all 
showed the same typical rhythm, which must be the expression 
of fundamental physiological changes in the development of the 
female. It seems possible and probable that these successive 
falls and rises are not effects of a single continuously varying 
physiological process, but are rather to be explained as separate 
phenomena caused by the lapse of certain conditions and the 
subsequent onset of new causes. These changes may therefore 
be really discontinuous and the rhythmic curve only a succes-» 
sion of independent but overlapping variations. 

The most interesting feature of the age variation is the bear- 
ing it has on the problem of double crossing over and the 
underlying problems of the nature of crossing over. The more 
consideration rthat has been given to this problem of double 
crossing over in relation to chromosome and to map distances, 
the more involved it has appeared, so that no evidence upon 
these points can be neglected. The special value of such cases 
as that of age variation is that they enable one to compare two 
different conditions, but with the elimination of one important 
variable; for, the actual chromosome distance between two 
given loci is maintained constant, so that any variations that 
occur in map distance, coincidence, etc., must be due to varia- 
tions in one or more of the other factors. This relation was 
discussed in connection with the original two-brood black purple 
curved experiment (Bridges, T5), and it was pointed out that 
the rise in coincidence concomitant with the fall in crossing over 
meant that the intemode length had changed — that the two 
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crossovers of a double no longer included the same average 
length of chromosome, but were including a greater length. The 

g _j_ _}_ _l_ * 

coincidences of the case support this view, but in 

+ pr c sp 

neither case are the data conclusive. A calculation of the coin- 
cidences shown by Plough^s black purple curved two-day tube 
cultures has provided data considerably more satisfactory, 
though still subject to a high probable error. On the basis of all 
the data, it is probable not only that coincidence varies with age, 
but that the curve of age variation in coincidence is roughly 
the mirror image of the curve of age variation in crossing over. 
While it seems probable that at least part of the explanation of 
the age variation both in crossing over kad in coincidence has 
been found in an internode variation as suggested, yet in any 
case there is provided evidence of a common cause that should 
* repay further analysis. 

A second problem involving purple and very closely allied to 
the age variation in conception, material, methods, and bearing, 
*is that of the temperature variation described by Plough (T7). 
Since the genic constitution of a female showing the age variation 
is constant throughout the course of this variation, the imme- 
diate causes of the variations must be regarded as environmental 
differences arising through rhythmic changes in the physio- 
logical processes of nutrition and development. While the 
crossing-over variations due to age and to specific genes were 
affected through environmental changes arising internally, they 
suggested the possibility that similar variations might be 
initiated by environmental changes arising externally. Plough 
found that exposure to abnormally high or low temperature 
actually did produce linkage changes even more extreme than 
those due to age changes. Black purple curved back-cross 
cultures were raised at various temperatures from to 32''C. 
When the black purple crossover values were plotted, it was 
seen that at a low temperature (9^), crossing over is very free 
(14 per cent) and becomes even more free at 13° (18 per cent). 
The amount of crossing over then falls away very rapidly, and 
at 18° has nearly returned to the normal value. The normal 
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value is maintained to about 27°, or throughout the whole range 
of ‘room^ temperature at which the breeding work is ordinarily 
conducted. At 29° th'e crossing over is slightly freer than 
normal, but between 29° and 31° the amount of crossing over 
nearly trebles (18.2). This extraordinarily sharp and extensive 
rise is followed by a slight fall at 32° (15.4 per cent). Above this 
temperature, and below 9°C. it was found that the flies either 
died or produced too few offspring to be workable. It seems 
probable that here also these two sharply marked maxima 
separated by a long interval of no or slight change may represent 
two distinct phenomena, 

When the coincidences are calculated for these various tem- 
peratures, it is seen that the curve of temperature variation of 
coincidence is a slightly rising but practically straight line 
cutting alike through both of the maxima and the normal in- 
terval. When the variations in crossing over due to exposure ‘ 
to abnormal temperature are followed through the life of the 
fly by means of tube counts, aharacteristic rises and falls appear 
on the curve which expresses this relation. When a coincidence » 
curve is calculated from these same data, it is seen that it cuts 
through the rises and falls due to temperature exactly in the 
same way as it did in the temperature and coincidence curves 
constructed from experiments at diverse temperatures. This is 
a significant difference from the relation previously observed in 
the age variations, and would seem to indicate that the age and 
temperature variations were accomplished by different mecha- 
nisms — by effects upon different physiological factors. Those 
double crossovers that do occur have the same distribution along 
the chromosome at all temperatures, which shows that the 
method of handling the chromosomes is unchanged. In accord- 
ance with the analysis already given (p. 298) the cause of the 
temperature variations in crossing over is to be sought rather in 
variation in the coefficient of crossing over — in the crossing over 
capacity of the chromosome itself because of some variation in 
its structure or framework. 

This conclusion just drawn from the failure of the temperature 
variation to affect the coincidence, namely, that the change in 
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the amount of crossing over is probably due to a change in the 
physical properties of the chromosome substance, has an im- 
portant bearing on the question of the stage at which crossing 
over itself occurs^ as follows: From a study of the time taken 
for the effects of exposure to abnormal temperature to become 
manifest or to disappear, Plough concluded that the effect was 
produced at one stage only in the development of the ovary, 
and that eggs which have not arrived at or have passed this 
critical stage ai’e incapable of registering any temperature vari- 
• ation. It was next argued that this critical stage is that at 
which crossing over itself normally occurs. It is certain that 
crossing over does not take place before this critical stage is 
reached, but it does not follow that it might not occur at some 
stage between this and the maturation divisions; tlyit is, at any 
later stage during the growth period. At the critical stage one 
' of the factors which modifies the frequency of the crossing over 
becomes fixed, but the crossing over itself may occur later. As 
a crude analogy, the process of crossing over might be likened 
•to a machine — say, a sawmill. The rate at which boards are 
sawn depends, other factors remaining constant, upon the 
toughness of the log fed against the saws, which toughness is a 
physical property of the log fixed long previously. 

The coincidence analysis indicates that the setting of the 
crossing-over machine has not been altered, but that the chromo- 
some at a specific sensitive stage in its fabrication has been 
modified in one of its properties -its toughnos.s, lot us say — so 
that when it ultimately undergoes crossing over the output is 
different. 

It is quite possible that the crossing over follows immediately 
after the determination of this property; indeed, from other 
lines of evidence it seems probable that crossing over occurs at 
a thin-thread stage, or at least that the characteristic trans- 
junction is accomplished at a leptotene stage, such as occurs 
only in the early growth period. But such a conception does 
not exclude the possibility that the crossing over occurs at a 
four-strand stage, as is indicated by still other lines of evidence. 
To call such a ‘thin-thread, four-strand, early-growth stage,’ 
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conception of crossing over ^chiasmatype’ would be misleading, 
since the term is usually understood as applying to a ^thick- 
thread, four-strand lale growth-stage’ condition. The term 
^ tetraleptotenic’ might be used for this type of crossing over to 
distinguish it from both the ‘ dileptotenic’ and the ^chiasmatype’ 
hypotheses. 

Plough’s evidence that the critical stage and crossing over 
occur after most or probably all of the oogonial divisions have 
been completed effectually disproves the redufjlication hypo- 
thesis of crossing over as far as any application to Drosophila is • 
concerned, for the number of divisions required by that hypo- 
thesis is not available. 

Purple has been extensively used in two other important 
studies on grossing over— that of Sturtevant upon inherited 
crossing-over variations (in press), and that of Muller (Muller, 
T6) in his progeny test of a multiple heterozygote in studying 
crossing over. 

• ‘ SUMMARY AND VALUATION 

Because of its excellent characteristics, purple has proved 
especially useful as a tool' in the general work on the second 
chromosome. In viability, fertility, productivity, and in the 
many details of ‘habit’— ease of handling, activity, time of 
hatching, ^length of life, etc. — purple measures well up to the 
standard of the wild fly. It is separable from the wild type 
with certainty and rapidity. A difficulty in classification may 
arise from the occurrence in the same culture of a similar eye 
color — a ‘mimic’ or ‘pseudopurple’— either by mutation or by 
introduction. However, the presence of a mimic is generally 
easily recognized and such difficulties in classification are only 
temporary. 

The usefulness of purple has not been restricted by ‘masking 
effects’: until very recently there has been no other readily 
workable second chromosome eye color so similar to purple in 
appearance as to prevent the use of both in the same experiment 
without confusion between them. Purple is not so dilute that 
it would interfere with the classification of the eye colors, as 
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does Vhite^ in the X chromosome; nor, conversely, is there any 
other second chromosome eye color so dilute (or morphological 
change so extreme) as to interfere with the classification of 
purple on flies possessing both characters. 

The recessiveness of purple seems to be complete and coustant, 
so that there is no chance of confusion between it and the 
heterozygote. 

The locus of purple on the basis of very extensive data is (>.2 
units to the right of black, or, referred to star as a base, at 52,7. 
Purple is therefore practically at the middle of the second 
chromosome, and is thus useful in combination with mutations 
whose genes are located anyv/here throughout the chromosome. 
J[ts closeness .to black, the locus which is the primary base in the 
mapping of the second chromosome and another of the very 
best characters, furnishes a working distance which is short 
enough to exclude double crossing over and long enough to avoid 
the excessive probable errors incident to very small percentages 
of crossovers. Outside this black purple section the second 
chromosome is as yet mostly mapped in distances too great —or 
too small—to handle satisfactorily in special tests. Furthermore, 
it appears that this purple region is peculiarly sensitive, as is 
proved by its exceptionally high double crossijig over (this 
paper) by its greater disturbance by age (Bridges, ’15; Plough, 
^17) and by its unique reaction to genetic variations in crossing 
over (Sturtevant, in press). The explanation of this sensitive- 
ness is probably that this region is actually near the middle of the 
chromosome with the spindle fiber attachment, and that this 
middle region is the last part to undergo synapsis. 

The number of subjects in the genetics of Drosophila toward 
whose early and continued development purple has contributed 
is surprisingly large. 

In the field of mutation it gave with vermilion the first case 
in which ‘intensification’ or ‘disproportionate modification’ was 
recognized and made use of. It was the first of the class of 
‘ dark’ eye-color mutations. It has been one of the most popular 
models in Drosophila for ‘mimic’ mutations. The most striking 
^epidemic of mutation’ or ‘mutating period’ was that inaugurated 
by purple. 
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In the early experiments involving purple several other muta- 
tions arose, probably the most interesting of which was * extra 
bristles/ which led to 'the study made by MacDowell on the 
effect of selection on bristle number. 

In the attack upon the problem of ‘ in viability’ purple entered 
into the first experiment planned to include the balancing of 
inviability by coinplementary crosses. This practice was ex- 
tended to involve three locus experiments in the balancing of the 
black purple vestigial back cross. The in viability of vestigial 
met with in the early j^urple vestigial crosses seems not to have 
been due primaril}'^ to 'prematuration/ ^repugnance/ or autoso- 
mal Icthals, but probably to culture conditions, as shown by 
Carver (unpublished). 

In the development of autosomal linkage, purple was involved 
in the first coupling Fg, back-cross test of crossing over in the 
male, and likewise in the female. One of these back-cross tests 
of the male gave a few crossovers which prevented a clear .con- 
ception of no crossing over in the male. The back-cross tests 
of the female gave the first ' two-point’ autosomal map, purple 
vestigial. The first autosomal ^three-point’ map was black 
purple vestigial, completed by the determination of the black 
purple'crossover value. 

With that most fascinating and difficult subject^the analysis 
of the relation between the physical chromosome and the process 
of crossing over-purple has been intimately connected. The 
relatively high coincidences obtained in the cases of black purple 
curved and black purple vestigial soon showed that this relation- 
ship in the purple region of the second chromosome is different 
from the relationship for sections of like map distance in the 
compared regions of the first chromosome. An expansion of 
this comparative study should aid in arriving at the cause of the 
differences. 

The change in coincidence accompanying the age variation in 
crossing over in the <;ase of black purple curved (Bridges, ’15) 
led to the tentative conclusion that both changes ;vere mainly 
due to a lengtheiiing of the average length of the section of 
chromosome between coincident crossovers, rather than to a 
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changes 4n the freedom of crossing over. Certain other exjjeri- 

_L -1- _L 

ments, notably — , which give information on the age 

-j- pr c sp * 

and coincidence changes, have given results that agree better 
with the first interpretation, though they do not exclude the 
alternative. The clearest evidence pointing to an internode 
change is derived from the age-variation experiment made by 
Plough as a control for his temperature-change cultures 
(b nr c 

(+ ^ ^ interval tube control). In this 

experiment the curve for variation in coincidence was the mirror 
image of the curve of variation in age. The curve of coincidence 
corresponding to the curve of temperature variation found l)y 
Plough seems to be a straight line cutting through the rises and 
falls of the temperature curve and independent of them. This 
suggests that the temperature variation is due to a change in a 
different physiological factor than that involved in tlie age 
variation, and that probably it is due to a modification of the 
coefficient of crossing over of the chromosome itself. 
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Resumido por el autor,' Edward C. Day. 

La fisiologfa del sistema nervioso de los tunicados. 

L La relaci6n del ganglio nervioso con las reacciones sensoriales. 

Los hordes de los sifones de Ascidia mentula son mas sensibles 
a la acci6n de los estimulos tactiles, vibratorios y quimicos que 
los de otras especies. La reacci6n sensorial es local cuando el 
estfmulo tactil es muy debil, pero bajo la acci6n de uno mas in- 
tense ambos sifones responden de un mode coordinado transcur- 
riendo un periodo latente, que dura pr6ximamente medio segundofi 
durante el paso del impulso nervioso desde un sif6n al otro. La 
direcci6n de este impulso es reversible. Ascidia mentula es 
tambi6n sensible a los efectos del HCl, NaCl, NaOH y la quinina, 
pero no a los de la soluci6n de azucar de cana al 50 por ciento; 
es tambien muy sensible a los efectos .de las vibraciones de la 
habitacibn en que est6 colocada, pero por complete indiferente a la 
luz solar. Los sifones amputados retienen la sensibilidad du- 
rante cinco a seis dias. Los individuos desprovistos de sifones 
los regeneran aun cuando se haya separado el ganglio con uno de 
ellos. La extirpaci6n del ganglio interrumpe la coordinacibn, 
disminuyendo el tono muscular y la sensibilidad. El tejido 
ganglionar se regenera, estableciendose ia coordinaci6n al cabo de 
cuatro a seis semanas. Ascidia atra essemejante a Ascidia men- 
tula en estructura y reacciones sensitivas. En oposici6n, a los 
tunicados mencionados, Ciona intestinalis es decididamente sen- 
sible a la acci6n de un rayo solar y el area sensible estd localizada 
alrededor del ganglio. Los sifones de Ciona separados del cuerpo 
exhiben contracciones automaticas ritmicas. 


Tranalation by Joei F. Nonidei 
Columbia University 
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INTRODUCTION 

When one beholds a solitary ascidian in normal surroundings, 
one comes to the conclusion that such an organism needs no 
complicated nervous system to cope with the exigencies of its 
environment. Unless the observer disturbs the ascidian by 
stamping on the sand, he may watch it for a considerable length 
of time without detecting any movements which would indicate 
it to be an animate object. From time lo time, however, it is 
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seized with convulsions. The attacks, though violent, are 
brief, and soon the animal is as erect and motionless as before. 

These sudden contractions at irregular intervals are the only- 
vigorous muscular movements which the tunicate makes. They 
are performed in order to clear the pharyngeal sac of foreign 
particles, or to expel faeces, sperm, and mature ova from the 
atrial chamber. When the animal is strongly stimulated around 
either siphon, this characteristic vomiting reaction occurs. 
Stamping on the sand or clapping two stones under water will call 
forth a similar response. The lobes of either siphon are capable, 
however, of individual response and react to feeble stimulation 
with a local curling in of the lobe involved,' a stronger stimulus 
causes puckering of the other lobes as well, while a still mor^ 
vigorous application of the stimulus elicits an almost simul- 
taneous closure of both siphons, the one stimulated being usually 
the first to respond. 

Phis response of the siphons being an easily observed reaction, 
it served as a good indicator of the normal functioning of the 
nervous system. The circlet of tentacles just inside the aperture 
of the oral siphon which forms in some species a hairy strainer 
to prevent too large bodies from being swept into the pharynx 
with the ingoing current, could likewise be used as a reaction 
indicator, though with less success. 

1 he lip-lobe reaction was by far the most delicate of the two, 
and through it the general irritability of the animal and the 
conductivity of the ganglion could be studied under varied ex- 
perimental conditions. Through this reaction the relation of 
the central nervous system to the sense organs and musculature 
could be fairly well ascertained, but as an index of the relation 
of the ganglion to the activity of the visceral organs this reaction 
was useless. 

While a few preliminary studies were made upon Ascidia atra 
Lesueur, a species found on the coral reefs of Bermuda, most of 
the investigations were carried out on Ascidia mentula, Ciona 
intestinalis, and Ascidia mammillata, but chiefly on Ascidia 
mentula, at the Naples Zoological Station. 
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My interest was first aroused in the subject of tunicate re- 
actions during a zoological expedition from Harvard University 
to the Bermudas in 1910, and it led to latcft- investigations carried 
out in 1913 at Naples. For the opportunity of enjoying the 
facilities of the Naples Station I am indebted, on the one hand, 
to Harvard University for a traveling fellowship, and on the 
other, to the Smithsonian Institution for the use of its research 
table there. I wish here to express my thanks to the various 
members of the Naples staff for their services and many kind- 
nesses during my sojourn. 

In how far Ascidia atra differs from Ascidia men tula in the finer 
details I cannot say, but in the gross anatomy they are very 
similar, although in color the former is bluish black and the 
latter a milky white. Both are from 4 to G inches in length, 
have a smooth outer tunic unornamented with protuberances, 
hairs, or other local modifications. The margins of incurrent 
and excurrent siphons of both species are lobed. The only 
record of the number of- lobes which I have for Ascidia atra is a 
general statement that the number on the incurrent siphon 
ranges from 7 to 11, while that for the excurrent is 5 to G. 
Hecht (’18) says 8 on the oral and G on the atrial. For Ascidia 
meiitula the average number for the former is 9 and for the 
latter G. The interlobular margins of both siphons of Ascidia 
mentula are edged with red pigment, while the lobes themselves 
are, as a rule, uneolored. Just proximal to these red edges are 
situated isolated pigment spots; a single one usually between 
each lobe on the oral siphon, and two or more in a cluster be- 
tween each lobe on the aboral siphon. Occasionally an animal 
was brought to the laboratory which was totally brick red. 
Ascidia atra, on the other hand, is a velvety bluish black all 
over, due to the presence of pigment in the outer tunic. I never 
ran across one, however, where pigment was restricted to only 
the margins of the siphons. Ascidia mammillata, like Ascidia 
mentula, is whitish except for the pigment spots, in this case 
black, around the incurrent and excurrent apertures. Ciona 
intestinalis has red pigment spots on the margins of the siphons. 
Mention is made of these details of pigmentation because they 
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will later be referred to in connection with the sensitivity of the 
animals to light. 

The procedure of experimentation was first to study the 
activities of the normal, tindisturbed animal under as natural 
conditions as possible; second, to record its reactions to stimu- 
lations of various kinds, and, third, to discover the effect of 
various operative procedures such as incisions, amputations of 
siphons, and extirpation of the ganglion, upon the sensory 
reactions and the beat of the heart. Studies made upon the 
heart-beat will be given in a subsequent paper, 

TACTILE REACTIONS OF NORMAL ACIDIA MENTULA 
A, Observations on unstimulated individuals 

By the term unstimulated is meant cases, in which I introduced 
no stimulating agent myself, although the animals were never 
entirely free from disturbing influences. 

The animals remain motionless for long intervals with both 
siphons wide open when they are in their natural environment of 
shore-water. I have observed the same thing in the case of 
animals attached to the walls of large cement tanks in the 
Naples Aquarium, where natural conditions have been dupli- 
cated as nearly as possible. In the laboratory, although the 
tanks were large and provided with running sea-water, the 
animals in them were not entirely insulated from disturbing 
vibrations in the room. 

A protocol was kept of continuous observations on two speci- 
mens of Ascidia mentula for a period of about two hours and the 
time recorded for every closure of both incurrent and excurrent 
siphons. The animals were kept singly in large glass jars 
furnished with running sea-water. Both animals were very re- 
sponsive to vibratory disturbances and closed their siphons 
whenever a door shut or somebody walked across the floor. 
Hecht (T8) finds Ascidia atra also extremely sensitive to vibra- 
tions in the room. The response consisted simply of a puckering 
of the marginal lobes of the siphons; seldom did the whole body 
contract. When the room w^as quiet for a length of time, for one 
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of the animals no reactions were observed, while for the other 
frequent contractions were noticed, especially of the atrial 
siphon. This siphon proved to contaiA one or two parasitic 
Crustacea, 3 to 4 mm. long, partially embedded in the siphon 
near its tip, and whenever they kicked up a rumpus the siphon 
closed, and the closing of this siphon often induced closure of 
the other. The parasitized atrial siphon being in a quasi con« 
tinuous state of irritation responded more readily to the vibra- 
tions in the room than did the unexcited siphon. Sometimes 
small crabs were found living s 3 Tnbiotically in the pharyngeal 
sacs of the tunicates. 

B. Responses to tactile stimulation 

To penciling with a bristle the siphons give local responses, 
thus only the lip-lobe on the stimulated side of the siphon 
puckers in, provided that the stimulus is feeble; to a stronger 
stimulus, however, all lobes of the stimulated siphon respond, 
and if the penciling be of sufficient strength, the closure of the 
incurrent siphon is followed by closure of the excurrent siphon 
as well. 

The base and body of the animal are insensitive to penciling, 
while the necks of the siphons are slightly sensitive, though less 
so than the lip-lobes. The margins of the two siphons are there- 
fore the most sensitive areas of the entire body. As to relative 
responsiveness, little difference could be discovered between oral 
and aboral siphons; in one or two cases the aboral or excurrent 
siphon was the more sensitive of the two. 

EFFECT OF OPERATIONS UPON THE TACTILE RESPONSE 
A. Slitting the siphons 

When the oral siphon was slit lengthwise for half an inch, 
cleaving it in two parts, and the lobes of one side were stimulated, 
there was a response first in that' half, then after a second’s 
latent period a response in the other half. A reversal of the 
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sequence occurred by stimulating the other half first. Thus the 
wave of stimulation could travel in either direction around the 
cut. No effort was ftiade to determine whether this stimu- 
lation wave was of the nature of a nerve impulse, or whether it was 
simply a wave of muscular contraction which depends for its 
completion upon the continuity of the muscle tissues; nor further, 
whether the length of the latent period was dependent upon the 
intensity of the stimulus to any degree, or in how far it was 
affected by the depth of the incision. 

B. Amputation of siphons 

When an Ascidia mentiila was narcotized with cocain, the 
oral siphon amputated below the circlet of oral tentacles, and 
both the animal and the amputated piece were put into fresh 
sea- water and allow'cd to recover, the aboral siphon show^ed a 
return of sensitivity in a little over an hour, while the amputated 
siphon did not regain sensitivity until two or three days after 
the operation. When the operation was performed without first 
narcotizing, recovery of the amputated piece took place in 
tw'elve to fourteen hours, whether it was the oral or aboral 
siphon. 

Similar operations on the siphons of (>iona intestinalis revealed 
a greater recuperative power than that of Ascidia mentula, 
amputated siphons recovering sensitivity twenty-five minutes 
after the operation. 

The siphons possess, therefore, an irritability which is inde- 
pendent of any connection with the nerve ganglion. The thresh- 
old of stimulation lies higher for amputated siphons than for 
the intact siphons, it requiring a stronger stimulation to elicit 
a response. This diminution in sensitivity was probably oc- 
casioned in part by the insufficient blood supply due to the 
operation, wdth a consequent lack of oxygen and an accumulation 
of catabolic products, and in part by the interruption of the 
nerve reflex. The presence or absence of the rings of oral 
tentacles made no obvious difference in the general responsive- 
ness of the amputated oral siphon. 
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Not only did these amputated siphons exhibit independent 
irritability, but in the case of Ciona, an automatic rhythm was 
also manifested by the severed oral siphont^. A siphon which had 
been cut off distal to the circlet of oral tentacles was observed 
two days after the operation to execute a series of rhythmical 
contractions which consisted of "the periodic curling of the lip- 
lobes either inward or outward and the occasional constriction 
of the neck region. There was no special sequence in which the 
several lobes took part in the contraction, for a contraction 
would start on one side and be followed by a puckering, some- 
times of the opposite side, sometimes of an adjacent jmrt. The 
proximal portion of the amputated piece, i.e., the region of tlie 
cut margin, played no role in these contractions, the rhythmical 
movements being restricted to the oral margin and to the di- 
rectly underlying portion of the neck. In fact, when the proxi- 
mal part was stimulated, the response occurred not in the 
proximal end, but in the distal after a short latent period, the 
impulse having traveled from the less irritable region of stimu- 
lation to the more irritable region of the sensitive lobes before 
producing a response. No attempt was made to analyze the 
underlying phenomena of this response or to seek an explanation 
of the rhythmicity. No such rhythm was observed for ampu- 
tated siphons of Ascidia mentula. As it has frequently been 
demonstrated that muscle tissue may be thrown into rhythmical 
contractions by the presence of various salts in the water, this 
rhythmical contraction in the Ciona siphon might have been due 
to the automatic response of either the muscle or the nerve 
tissue to the stimulating effect of the sea-water on the cut 
surfaces. Whether sensory cells are present in the siphon 
regions or not I have made no histological examination to 
ascertain, but nerve fibers can be seen extending out into the 
lip-lobes. 

Tunicates whose siphons had been amputated regenerated 
new ones in the course of about three weeks, but amputated 
pieces lived only five or six days and died without any sign of 
beginning to regenerate a new body. 


THl JOCBNAL Ot iXPERWeXTAL ZO{JlOQT* VOl. 28 , NO. 2 
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The three following protocols will give the history of such an 
operation with its subsequent effects both on the amputated 
siphons and on the desiphonated body; 

Protocol 1. Ascidia mentula nos. 10, 11, and 12. April 17, 1913. 
Narcotized all three animals with cocaine in sea-water and cut off the 
tips of the siphons at XX' on the* oral or incurrent siphon (distal to 
oral tentacles) and at YY' on the aboral or excurrent siphon (fig. 1). 
Returned animals to running sea-water. 

April 18. Amputated pieces A and C are sensitive to tactile stimu- 
lation (B pieces not tested). 

April 19. A and C respond to tactile stimulation, but not to tapping 
on the jar containing them. One of the bodies B is sensitive to the 
tapping and responds by ejecting water from the siphons. Pharyn- 
geal sacs have fallen away from the cut surfaces of the siphons. 

April 23. A and C pieces are dead. (The supply of running water 
had got accidentally shut off.) The body pieces, B, are alive and 
appear to be regenerating new tips. 

May 9. New siphons have been formed on all three animals. These 
lie within the old cut tips and appear to have been developed from the 
pharyngeal sac. Distinct lip-lobes and interlobular pigment spots are 
visible on most of them: 7 to 8 lobes on IOC, 8 on llA, 6 on llC, 5 
on 12A; on lOA and 12C the siphons are too puckered up to make out 
the number. 

Protocol 2. Ascidia m. no. 5. April 12, 1913. Cocainized the 
animal (400 cc. sea-water -1- 1 cc. 5*per cent cocain), and amputated 
oral siphon below the circlet of oral tentacles at XX' (fig. 2). Pro- 
cedure was as follows: 

5:10 p.M. Animal placed in cocain solution. 

6:10 p.M. Benumbed; operated on, rinsed in fresh sea-water and 
returned to running sea-water. 

6:45 p.M. Excurrent siphon sensitive to tactile stimulation; ampu- 
tated incurrent siphon A, unresponsive. 

April 15. A is responsive around marginal lobes; tentacles not. 
Lobes pucker in in response to tactile stimulation and to rap on sub- 
stratiun. B is very sensitive both on cut surface and on excurrent 
siphon. 

April 16. A and B respond to tap on jar. 

April 17. B responds to tap on jar; A, too, if tap is strong. 

April 19. B responds to tap on jar; A no longer. 

May 9. B has regenerated a new incurrent siphon with six small 
lip-lobes and a new ring of pharyngeal tentacles. New siphon puckers 
shut upon tapping the jar. 

Protocol 5. Ascidia mentula no. 17. May 10. Incurrent siphon 
amputated to include the nerve ganglion. (Since the object of this 
experiment was to study the effects of the operation on the heart beat, 
no attention was paid to the amputated piece.) 

June 3. A new incurrent siphon and ganglion have regenerated; 
six lobes the siphon (fig. 3). 
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That the nerve ganglion is quite dispensable to the response 
of the siphons to stimulation is evident from the foregoing re- 
sults. Amputating the siphons, however, involved cutting off 
the blood-supply from the severed part, and the effect of break- 
ing all connections with the ganglion was so complicated with 
interrupting the circulation that no safe conclusions could be 
drawn with regard to the nervous control exerted by the gang- 
lion. By removing the ganglion, therefore, without at the same 
time injuring the circulation, its relation to the siphonal responses 
could be separately determined. 

C. Extirpation of the ganglmi 

Four Ascidiae mentulae were operated upon by excising the 
ganglia, and they lived long enough for the ganglia to regenerate 
—a period of about one month. 

Immediately following the operation on two of the animals, 
the oral siphons began to open, but their irritability to stimulation 
was greatly reduced. Since the operation was performed with- 
out the use of a narcotic, this diminution of sensitiveness was 
probably due to shock. With the lapsp of a few days irritability 
gradually increased, but it never attained the level of the normal 
animal until towards the end of the month when the nervous 
tissue had regenerated. Thus, although the ascidians responded 
to penciling and to tapping on the jar in which they lay, a 
greater strength of stimulus was required; the animals were no 
longer disturbed by those extraneous vibrations from the 
closing of doors and the treading of feet which had produced 
responses prior to the operation. 

Another animal which had had the ganglion destroyed by 
painting it with nitric acid, also opened its oral siphon imme- 
diately (1 minute) after the operation, but kept its aboral siphon 
closed for some time afterward^. Three days later, both 
siphons were open and responded to tactile stimulation, but 
the responses were of an inferior order. 

Two marked changes in the reactions of the animals were pro- 
duced by these operations on the ganglia: 1) a decrease in 
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general sensitiveness and, 2) a complete break in the coordination 
of the siphons. While each siphon was capable of responding 
when stimulated directly, it did not join in the response when 
the other siphon was stimulated, as was the case before the 
operation. This state of incoordination lasted until the gan- 
glionic tissue regenerated, about four to five weeks later. 

A brief history of a single case will illustrate the course of events 
'following an operation on the ganglion. 

Protocol If. Ascidia mcntula no. 2. April 12. Animal removed 
from water and ganglion extirpated. Oral siphon opened immediately 
after operation and before animal was returned to the water; aboral 
siphon remained closed. 

April IT). Siphons both responsive to tactile stimulation with a 
bristle and to tapping on table or jar with a scalpel. No coordination 
between the two. The tentacles are also sensitive to penciling, and 
when they arc touched the oral siphon closes. 

April 26. Siphons both responsive to stimulation. No coordination. 

May .5. Faint signs of recoordination between the siphons. 

May 9. Coordination of siphons definitely reestablished. Out of 
ten trials in which the oral siphon was stimulated with a camel’s-hair 
brush, the oral siphon responded ten times and the aboral seven, the 
sequence of contraction being from oral to aboral with a latent period 
of about one-half second between the two responses. When the 
aboral was stimulated, out of ten trials the oral siphon responded five 
times to its ten, the sequence being aboral to oral. The regenerated 
ganglion can be recognized as a small whitish body lying in the region 
of the original one. 

The other three animals which had been operated upon at the 
same time as the one whose history has been given above, had 
also regenerated their ganglia, and, upon being tested, showed 
that the coordination of the siphons had likewise been re- 
established. The fifth ascidian, whose ganglion had been de- 
stroyed with nitric acid, died a week after the operation. Up to 
that time, however, the siphons retained their independent 
sensitivity, but no coordination existed between them. 

Two weeks earlier, but thi^e weeks after the removal of the 
ganglia, none of the four ascidians exhibited any signs of co- 
ordination, although the siphons responded independently to 
direct stimulation. At the end of five weeks, however, the 
stimulation of one siphon brought about not only the closure of 
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that siphon, but also the closure of the other siphon as well. 
The unstimulated siphon did not always respond, owing ap- 
parently to the exhausted condition ©f the ganglion which 
seemed to fatigue quickly with too frequent an application of 
the stimulus. As no method was employed either for measuring 
the strength of the stimulus or for graphically recording the 
response, no exact comparison could be made between the 
original normal responses and those subsequent to regeneration 
of the ganglion. The sensitivity of the animal as a whole, how- 
ever, did not seem so great after the restoration of ganglionic 
tissues as before the ganglion had been extirpated, for although 
the siphons responded readily to feeble penciling with a camel' s- 
hair brush, they did not respond to vibratory disturbances, such 
as the shutting of doors and the treading of feet. This in- 
ability to respond to vibrations may find its explanation in the 
ease with ’which the ganglion is fatigued, because, even though 
the ganglion were composed of nervous tissue of a higher degree 
of sensitivity than before, the depressing effect of frequent vibra- 
tory stimulations would prevent the state of irritability from 
attaining to a maximum. The latent period between the re- 
sponses of the in- and excurrent siphons was not measured, but 
it was about one-quarter to one-half second. 

Just what the histological condition of the ganglion is at the 
time of restoration of the power of coordination it would be of 
interest to know. The neurogenesis, however, of the regenerat- 
ing ganglion and its relation to restoration of physiological 
function is a problem which still awaits investigation. 

REACTION OF ASCIDIA MENTULA TO CHEMICAL SUBSTANCES 

While the following are but a few incidental tests of a tentative 
nature, they throw a Tittle light on the chemical sense of the 
animal. In the work of Hecht (T8) will be found an intensive 
treatment of the reactions of Ascidia atra to chemicals. 

Needle-Uke crystals of quinine {§ mm. in length) were dropped 
on to the oral tentacles of three animals. After lying on them 
for a moment or two, they were ejected. A thread, knotted on 
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the end, weighted with a bit of tinfoil and soaked in a chemical 
solution of NaCl 2n, NaOH n/10, or quinine 10 per cent, and 
lowered on to the tentacles likewise evoked an ejection reaction. 

I operated on six Ascidiae mentulae as follows: three incurrent 
siphons were severed proximal to the oral tentacles (fig, 2) and 
three distal to them (fig. 1); the excurrent siphons of the latter 



IVo Ascidiae mentulae operated on as shown by dotted lines: 
in FiK. 1 the inciirrent siphon (A) was amputated distal to the circlet of oral 
tentacles, in Fi^. 2 proxiimi! to the tentacles; excurrent siphon (6) also cut off 
of tlic first ani[iiaL Nerve ganglion is showu as n black spot near the crotch 
of the siphons. 

Fig. 3 A regenerated Ascidia incntula. Twenty-four days after the incurrent 
siphon had been cut off carrying the nerve ganglion (gn) with it, a new siphon 
and ganglion had been regenerated and a coordinate response of both siphons 
wa.s obtained upon stimulating either siphon independently. 


three were also amputated a half inch from the tip. The am- 
putated pieces opened immediately after the operation, but 
were unresponsive to chemical stimulation. 

The following day when crystals of quinine were dropped on 
to the tentacles of the amputated siphons, it caused thiem to 
rise up. ’ Crystals dropped on the lip-lobes of both incurrent and 
excurrent amputated siphons caused local contractions of the 
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lobes. In the case of the incurrent siphon, the chemical stimu- 
lation of one lobe often induced closure of the whole siphon. 
On one of the excurrent siphons there wa^ also a complete closure 
effected. The contraction in this case was progressive in both 
directions from the point of stimulation around the rim of the 
siphon. The lip-lobes were more sensitive than the tentacles to 
the quinine. The inner lining of the pharynx also proved sensi- 
tive to the quinine and when stimulated brought about a 
contraction of the pharyngeal pai)illae andof ten a closure of one 
or both siphons. 

The lip-lobes, tentacles, and pharyngeal lining were also sensi- 
tive to solutions of HCl, NaCl 2n, NaOH n/U), while to 50 per 
cent cane-sugar the same regions were unresponsive. The ten- 
tacles move about when stimulated, but do not contract, for 
they are stiff and apparently non-muscular organs. Often i\n)y 
gave an upward flip when stimulated. As this might have been 
due to the sudden ejection of water from the incurrent siphon, 
a siphon was amputated to include the tentacles, and the ten- 
tacles were again stimulated: they responded by rising up in a 
concerted reaction, but not so abru]’>tly as b('h)re. When the 
ganglion was extirpated, this response of the tentacles could not 
be elicited. More data would probably have shown Uie con- 
trary to be true for this latter case, since the erection of the 
tentacles occurs for an amputated siphon which is minus the 
ganglion and it ought also to occur for the intact siphon which 
is minus the ganglion. 

REACTIONS OF ASCIDIA MENTIJLA 'I'O VIHUA'ITONS 

A normally sensitive individual closes its siphon to the slightest 
vibrations produced by disturbances in the room or by tapping 
on the jar in which it lies. If the incurrent siphon be amputated 
to include the circlet of tentacles, it is still capable of responding; 
but if it is excised distal to the tentacles, it no longer resr)on(is. 
The amputated excurrent siphon like the incurrent without its 
tentacles also proves to be inert to vibrations. If the ganglion 
be extirpated from an animal with both siphons intact, the 
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vibratory stimulus^ if sufficiently vigorous^ will still induce 
closure of both siphons after the effects of shock have passed. 

Since both siphons hespond without the ganglion and since 
the excurrent siphon which lacks the circlet of tentacles is about 
as sensitive as the incurrent siphon which has them, it would 
seem that neither circlet of tentacles nor ganglion is the re- 
ceptive organ for the vibrations, but that the lip-lobes them- 
selves are capable of responding to the vibrations immediately. 
Hecht (’18) finds the lip-lobes to be the vibration receptors in 
Ascidia atra. 

SUMMARY OF REACTIONS OF ASCIDIA MENTULA 

A. Normal animal to tactile stimulation 

1. The margins of the siphons are the most sensitive part of 
the animal, and close when stimulated. 

2. To feeble stimulation the response is local and restricted to 
a single lobe of the siphon. To a stronger stimulus the whole 
siphon closes. Further increase of strength of ihe stimulus pro- 
duces a closure of the other siphon as well. 

3. There is a short latent period of about one-half second 
between the responses of the two siphons. 

4. Thft sequence of closure is reversible; the impulse travels in 
either direction from one siphon through the nerve ganglion to 
the other, depending upon which siphon is stimulated. 

5. Sometimes one siphon is more sensitive than the other and 
takes the initiative in the response when the two are stimulated 
simultaneously, as by vibrations in the room. 

B. Operated animals to tactile stimulation 

a. With siphons amputated. 1. In a siphon partially slit longi- 
tudinally, each half responds locally to a feeble stimulus, while 
stronger stimulation sends the impulse around the cut and 
produces a response of the two halves in sequence. 

2. Amputated siphons retain their sensitivity for five or six 
days and then die. 
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3. The desiphonated bodies of the operated animals recover 
sensitivity after the operation, live and regenerate new siphons. 

4. The ganglion is aot necessary to thtf process of regeneration 
of amputated siphons, as regeneration occurs even if the ganglion 
be amputated with the siphon. A new ganglionic mass appears 
in addition to the new siphon. 

h. With ganglion remoi'ed. 5. Extirpation of the ganglion has 
two main effects: a) an interruption of coordination between the 
siphons; b) a reduction of tone and general irritability of the 
animal. 

6. The gatglion regenerates in from four to six weeks. 

7. Coordination is reestablished with regeneration of the 
ganglion, and irritability is restored to almost its original degree. 

8. The new ganglion is very quickly fatigued. 

C. Normal animal to chemical simulation 

Lip-lobes, oral tentacles, and pharyngeal lining are sensitive 
to solutions of HCl, NaCl 2n, NaOH n/lO, but are insensitive 
to 50 per cent cane-sugar solution. Quinine crystals applied to 
the lip-lobes cause siphons to close; applied to the oral tentacles, 
they cause these to flip up. 

Z). Operated animal to chemical siimulaiion ' 

Quinine crystals apphed to the lip-lobes or oral tentacles of 
amputated siphons produce the same but less vigorous response 
as for the normal animal. 

E. Normal animal to vibratory stimulation 

Both siphons are sensitive to disturbing vibrations in the 
room. 

P. Operated animals to vibrations 

Amputated incurrent siphons respond only provided they are 
cut off to include the circlet of tentacles; amputated excurrent 
siphons are insensitive. Deganglionate animals respond with 
closure of both siphons, but a more vigorous stimulation than 
nofmal is needed to elicit the response. 
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SENSORY RESPONSES OF ASCIDIA ATRA 1!ESUEUR 

Since my experiments on Ascidia atra «vere of a preliminary 
character, there are only a few which may be mentioned here. 
For a good account of the physiology of this species reference 
should be made to the research of Hecht ('18). The response to 
various forms of stimulation are briefly as follows: 

Tactile stimulation. When the outer surface of the test was 
stimulated with a bristle, the base and column of the animal 
were found to be insensitive, the necks of the siphons moderately 
sensitive, and the margins of the aperatures most sensitive of 
all. According to the strength of stimulation, the siphons 
respond independently or coordinately. 

Vibratory stimulation. Tapping on the jar or, when the 
animals are in their normal habitat, stamping on the sand or 
clapping two stones together under water causes the siphons to 
close. 

Chemical responses. Acetic acid 1, 0.1, and 0.01 per cent 
strength when pipetted on the incurrent siphon caused it to 
close, but had no effect on the excurrent. A weaker solution 
of the acid, 0.001 per cent, and distilled water were both without 
effect. 

An animal put in one-half per cent solution of ether in sea- 
water became totally narcotized in eight minutes. It bent over 
double on itself during the process, closed its siphons, and 
became quite insensitive to tactile stimulation. WTien returned 
to running sea-water again, it revived in twenty to twenty-five 
minutes; the animal straightened somewhat, both siphons opened 
and responded to stimulation with a bristle. 

Either siphon could be locally anesthetized by pipetting a 1 
per cent solution of chloroform in sea-water ^n to it. With 
both siphons rendered insensitive in this way, the animal still 
exhibited the ciliary current entering the oral and issuing from 
the aboral siphon, and it also gave vomiting reactions from time 
to time, forcibly ejecting water from both siphons and thereby 
indicating that the body musculature was still active. 
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Operaiions. A few amputations and incisions were tried on 
Ascidia atra, but the animals did not live more than a day or 
two after the operations, due apparently to adverse laboratory 
conditions: owing to the presence of iron rust in the laboratory 
water, it was impossible to keep the tunicates alive for more 
than four or five days. No experiments were tried on ampu- 
tated siphons. An animal, however, from which the ganglion 
had been excised, recovered and dis})layed irritability of both 
siphons to tactile stimulation. iVs the animal died shc’jrtly after, 
no regeneration had time to occur. 

Light reactions. Both oral and aboral siphons of Ascidiaatra 
were tested for sensitivity to sunlight, but no evidence of a 
positive nature was obtained. When the animals lay in jars of 
running sea-water and kept in semitlarkness, they closed the 
siphons periodically at approximately one-minute intervals, and 
when sunlight was focused on the siphon it could not be found 
to have any effect on these contraction-intervals. 

EXPERIMENTS ON CION A INTES’PINALIS 

For sake of comparison, a few operative cxj)erimont8 were 
performed on Ciona in which the siphons were amputated at 
various levels and records of reactions madi^ for l)()th amputated 
pieces and the bodies. The results are given in im)tocol 5 
below, and by diagrams in fig. 5. 

1. Effect of operatif}€ experiments on Ciona intestlnalis, 
Animals 7, S and 9. 

April 17, 1913. Three specimens of Ciona intestinalis were 
operated upon, after first narcotizing with cocain, by am])utating 
the siphons as indicated by the dotted lities in figure 4. It will 
be noted that in the operation on animal 9 the nerve ganglion 
(black spot at the crotch) wa^ included in the amputated piece. 

From the protocol it will be noted that; 

a. Ten minutes after the operation all the amputated piece.s 
except 7 B were unresponsive to stimulation; the amputated 
excurrent siphon 7 B showed automatic rhythmical contractions. 
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Siphons of three specimens of Ciona were amputated tw indicated in figure 4 by 
dotted lines 


Hom 

CION.\ KOMBeS 7 

CIONA NUMBER 8 

12,20 p.M. 

Siphons ampu- 
tated 

Siphons ampu- 
tated 

12,30 p.M. 

Piece A, no re- 
action 

Piece A, no re- 
action 


Piece B, irregu- 
lar automatic 
contractions 

piece B, no re- 
action 

4.45 p.M. 

A, reacts to tac- 
tile stimulus 

Piece A, reacts 
to tactile 

stimulus ; also 
aut om a t ic 
contractions 


N.B.— 7A and 8A have long 
latent period. 8A reacts locally 
to stimulation of lip-lobe; often 
required repeated stimulations 
to elicit a response. 

1 

I2.1o F.M. 

A, no reaction 

A, automatic 
contractions 


B, feeble re- 
sponse to tac- 
tile stimulus. 

B, reacts to tac- 
tile stimulus 

4.45 p.M. 

A, reacts feebly 
to strong 
stimulus. 

A, reacts to tac- 
tile stimulus; 
also auto- 
matic con- 

tractions 


B, reacts to 
strong stimu- 
lus. Cut sur- 
faces of body 
also reacts 

» 

B, reacts to 
stimulus 


tile stimulus; 
also automatic 
contractions 


B, reacts to tac- 
tile stimulus 


B, also reacts 



NERVOUS SYSTEM OF THE TUNICATE 


325 


PROTOCOL 5— Conh'nKfrf 


DATS 

BOOK 

aOSA NUMUEH 7 

CIONA NUMUER S 

CIONA SI MBEH B 

April 23, 1913 

3.30 p.M. 

A, feeble ; con- 
tracts only 
locally on one 
side 

B, feeble con- 
tractions 

A, exhibits 
rhy thnucul 
contractions 
of the oral 
margin 

1 A, shnink(m and 
inert; outside 
peeling otT, but 
there arc lu'w 
lip-lobos ap- 

parently regen- 
erating in the 
center of the 

I mass as imli- 
! eated by K new 
red pigment 

spots 

B, reacts to stim- 
ulation 


b. Four hours later all of the amputated pieces were responsive, 
and the amputated incurrent siphons 8A and 9A also exhibited 
rhythmical automatic contractions. 

c. The latent period of response was lengthened as a result of 
the operation. 

d. 9A, the piece with the ganglion included, gave visible 
evidence of regenerating a new siphon in the center of the de- 
generating amputated one. 

e. B showed little progress in the regeneration of the lost 
parts for the same length of time. 

Experiments with amputated siphon SA 

a. When the amputated piece was stimulated at its proximal 
or cut end, the impulse traveled distally and elicited a response 
first at the margin. This response was of two orders depending 
on the strength of stimulus: first, a local puckering in of one or 
two of the lip-lobes, and, second, a constriction of the neck 
region just proximal to the margin, followed by a pursing of the 
whole distal end. These responses are shown by diagrams 25 
and 24, respectively, in figure 5. The asterisk indicates the 
point stimulated. 
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b. Rhythmical contractions occurred every minute or two in- 
volving local portions of the oral margin. These periodic con- 
tractions are shown by* the series of diagrams in figure 5. The 
letters D and P indicate the distal and proximal ends, re- 
spectively. The arrows indicate the points at which contraction 
occurred. 
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Fig. 4 Three Cionae iutestinalis operated on as indicated by the dotted 
lines. The nerve ganglion is represented by the black spot at the crotch of the 
siphons, In animal No. 9 the ganglion was amputated along with the incurrent 
siphon. 

Fig. 5 A series of diagrams showing automatic rhythmical contractions in 
an amputated incurrent siphon of Ciona intestinalis (8A of Fig. 4). These 
occurred every minute, more or less, as will be seen from time recorded in minutes 
and seconds to the left of each figure. The distal end of the siphon is uppermost 
in all figures except No. 25. D distal; P proximal. Arrowadndicate the points 
and direction of contraction (puckering in, curling out or pursing). The 
asterisk means a stimulus applied at that point. . 
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There was a certain circularity in the movement of the local 
contractions around the oral rim, especially seen in diagrams 15 
to 20, where the invaginated part occupies successively pro- 
gressive positions around the margin. These single local con- 
tractions seemed to summate in effect and to produce, after 
the completion of two or three, a more general reaction of the 
whole margin as in nos. 4, 6, 10, 21, 24. 


REACTIONS OF TUNlCA'll’S/rO LIOIFF 


From a consideration of the distribution of pigment one might 
well be skeptical of the photoreceptive nature of these pigmented 
regions. As a rule, in Ascidia mentula the pigment is restricted 
to a narrow interlobular band at the rim and to one or two 
subjacent spots, but often it is more or less extensively dis- 
tributed over the siphons, sometimes coloring even the whole 
body surface. Another genus, Cynthia papillosa, is character- 
istically red all over, and Ascidia atra is entirely black; in Ciona 
intestinalis, again,, the spots are red, while in .Ascidia raammillata 
they are black, and in both they are localized on the margins of 
the siphons. From this diverse distribution and color of the 
pigment, therefore, one would hardly expect it to be associated 
with any photic sensitivity of the animal. Ascidia mentula, 
Ciona and Ascidia atra were tested at Naples while Ascidia atra 
had previously be^ tested at Bermuda. 

The surface of theanimabs body was explored with a pencil of 
sunlight. For the results on Ascidia atra, see page 323. Ihe 
three following tables give the results for Ascidia mentula and 
Ciona; in tables 1 and 2 the diameter of the beam employed was 
15 mm. while in table 3 it was cut down to 5 mm. The method 
of illuminating the animal was to reflect the beam of sunlight 
with a plane mirror through a cardboard diaphragm of the 
specified aperture upon the animal as it lay in a depth of 4 to 5 
cm. of sea-water. Four regions of the body w^ere tested in turn 
in this manner— incurrent siphon, ganglionic region, excurrent 
siphon, and the main part of the body. Contraction of the 
siphons was taken as indicator for the response. If no response 
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TABLE 1 

Reaction of Ascidia mentula io a beam of sunlight mm,’ Animals 1 and S loere 
red pigmented; B, 4> owd 5 uthite. The ganglion of each animal was made more 
accessible to light by cutting away part of the tunic. The tests were made on the 
second day follounng the operation 


ANIMAL 

TBIAL 

INCURB. 8IPH0N 

GANGLIONIC 

BBGION 

BXCDHR, SIPHON 

BOOT 



1 

20''-0 

20"-0 

20"A) 

20-0 



2 

20"-0 

20"-0 

20"-0 




3 

20"-0 

20"-0 

20"-0 


1 


■ 4 

20" A) 

20"-0 

12"-+ 




5 

20"-0 

20"-fl 

10"-+ 

20"-0 







15"+) 

20"-+ 




1 

20"-O 

20 "-0 

20"-0 

20"+) 



2 

20"-0 

20"-0 

2"-+ 


2 1 



6"-+ 

6"-+ 

20"-0 




4 

20"-0 

20"-0 

20"-0 


1 


5 

20"-0 

20"-0 

20"-0 



r 

1 

! 20"-0 

20"-4) 

^ 20"+) 

20"+) 



2 

20"-0 

20"-0 

20"+) 


3 

1 

3 

2D"-0 

20"-0 

20"+) 


i 


4 

10"-+ 

20"-0 

20"+) 




S 

20"-0 

20"-0 

6"-+ 




1 

20"-0 

20"-0 

20"+) 

20"+ 



2 

20"-0 

20"-0 

20"+) 


4 


3 

20"-0 

20"-0 

'20"+) 




4 

15"-+ ; 

20"-0 

20"+) 




5 

20?'-0 

20"-0 

20"+) 




1 

20"-0 

20"-0 

^"-0 

0 



2 

20"-0 

20"-0 

20"+) 


5 


3 

10"-+ 

20"-0 

20"+) 




4 

20"~0 

2"-0 

20"+3 




5 

20"-0 

2"-0 

20"+) 


Total + reactions for 25 





trials .... 


4 

1 

5 > 

0 
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TABLE 2 


Reactions of Ciona intestinalis to a beam of sunlight 15 wmh.® Animal not operated 
^ on as in case of Ascidia m. 


ANIUAL 

TRIAL 

INCURS. SIPHON 

O.ANQUaNlC 

REGION 

IXCURR.SU'HON 

BODY 


1 


3"-+ 

30"-0 

15"+) 


2 

30”-O 

5"-+ 


15"+) 

1 

3 

30"-0 

3"- + 


15"+) 


4 


3"-+ 


ir>"-o 

, 

5 

30"-0 

5"-+ 


li>"+) 


1 

lO'^-O 

4"-+ 

30"+) 

15"+) 


2 

30' '-<1 

6"-+ 


3"-+ 

2 

3 

30"-0 

5"~+ 


15" 0 


4 

30"-0 

5"-+ 


15"0 


5 

30"-0 

9"-+ 


15"-0 


1 

6"-+ 

6"-+ 


15"+) 


2 

30"^ 

5"-+ 


15"-0 

3 

3 

30"-0 

8"-+ 


15"+) ’ 

1 

4 

30"-0 

6"-+ 


15"+) 

i 

5 

12"-+ 

- 


15"-0 





% 



1 • 

10"-0 

4"-+ 1 

8"-+ 

15"-0 


2 

30"-0 

3"-+ 


15"-0 

4 

3 1 

30"-0 

4"-+ 


15" 0 


4 

6"-+ 

5"-+ 


15"+) 


5 

30"-0 

5"-+ 


15"+) 


1 

10"-0 

3"~+ 

30"+) 

15"+) 


2 

30 "-0 

4"-+ 


15"+) 

5 

3 

30"-0 

3"-+ 


15"+) 


4 

30"-0 

■ 4"-+ 


15"+) 


5 

21"-+ 

2"-+ 


15"+) 

f 

1 

10"-0 

4i"-+ 

5"-+ 

15"+) 

1 

2 

30 "-0 

3+'-+ 


15"+) 

6 

3 

15"-+ 

3i"-+ 


15"+) 


4 

30"+) 

- 


15"+) 


5 

30"+) 

- 


15"-0 


1 

10"+) 

^ 54"-+ 

8"-+ 

15"+) 


2 

30"-0 

4"-+ 


15"+) 

7 

3 

30"-0 

6"-+ 


I5"-0 


4 

30"+) 

5"-+ 


15"+) 


5 

30"+) 

9"-+ 


15"-0 

Total + reactions 

5 in 35 trials 

32 in 32 trials 

1 3 in 6 trials 

1 in 35 


THi journmj or experimental zoology, VOL. 28, NO. 2 
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TABLE 3 


In this table the results are giaenfor a more critical test on dona which was made 
mtk a beam of sunlight 5 mjn} in area 


aAimal 

TBIAL9 

p 

IXCDBR. SIPHON 

OAMGUOKIC BEGION 

SXC0BR. SIPHON 


1 

lO "- t ) 

8"-+ 



2 


7"-+ 

lO^-O 

1 

3 

10"-0 

9^'-+ 

10 "-^ 


4 

10''-0 


l 0"-0 


5 

10”-0 

10"-0 

lO^'-O 


1 

l 0 "- 4 ) 

7"-+ 

10 "^ 


2 

10 ' 

4"-+ 

10 "- 4 ) 

2 

3 

10"-0 

6"-+ 

10"-0 


4 

10"-0 

5"-|- 

10"-0 

L 

5 

10"-0 


10"-0 


1 

10''-0 

8"-+ 

10''-0 


2 

10"-0 

5"-f- 

l 0 "- 4 ) 

3 

3 

lO^'-O 

5"-+ 

10"-0 


4 

10"-0 


10"-0 


5 

10"-0 

4"-+ 

10 "-D 


1 

10"-0 i 

10 "~O 

10 "-0 


2 

10"-0 

10 ''- 4 ) i 

10"-0 

4 ^ 

3 

10"-0 


10"-0 


4 

10"-0 


10 "-0 


5 

10 "--0 

10 "-0 

l 0 "- t ) 


1 

10 

8"-+ 

10"-0 


2 

10"-0 

l 0"-0 

10 "-O 

5 < 

3 

10"-0 

5''-+ 

10"-0 


4 

10 "-0 

8"-+ 

10"-0 


5 

10 "^ 

5"-+ 

l 0"-0 


1 

l 0"-0 

C"-+ 

l 0"-0 


2 

10''-0 

10 "- 4 ) 

10"-0 

6 < 

3 

10 "-D 


10"-0 


4 

10''-0 

8"~+ 

l 0"-0 ■ 


5 

10"-0 

5 "-+ 

l 0"-0 


1 

l 0"-0 . 

4 "-+ 

l 0"-0 


2 

10"-0 

l 0 "- 4 ) 

lO'^-O 

7 < 

3 

4 "-+ 


10"-0 


4 

4"-0 

5 if -+ 

10"-0 


5 

4"-0 

S "-+ 

10"-0 

Total + reactions 

1 in 35 trials 

26 in 33 trials 

1 0 in 35 trials 
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Summary of tables ^ and S 


A. TOTAL BBACnONB 

INCUBR. SIPHON 

GANGLIONIC 

BEOIOH 

XXCURB. SIPHON 

BOOT 

For 15-mm.* beam 

5 out of 35 

30 out of 32 

3 out of 6 

1 out of 35 


trials. 

trials. 

^ trials, ' 

trials. 

For 5-mm,* beam 

1 out of 35 

26 out of 33 

0 out of 35 



trials. 

trials. 

trials. 


Summary for both 

6 out of 70 

i 5S out of 65 

3 out of 41 

1 out of 35 


trials. 

trials. 

trials. 

trials. 

B, Average time of response : 





For 15-mm.* beam 


4.2 see, 



For 5-mm.® beam 


SiO sec. 




was obtained before the lapse of twenty seconds, the reaction 
was counted as negative and recorded as 20"-0, as in trial 1, 
table 1, but if a contraction occurred, as in trial 4, at the end 
of tTvelve seconds, it was recorded 12'-+, indicating a positive 
response. In table 3 ten seconds was the time limit -allowed 
for the response. 

It will be seen from table 1 that the body of the animal gave 
no response out of the five times tested, tiie ganglionic region 
but 1 out of 25, the incurrent siphon 4 out of 25 and the ex- 
current 5 out of 25. Since all the animals were exceedingly 
sensitive to stimulation by tapping on the jar, the small number 
of responses here obtained indicate little if any sensitivity to light. 

Table 2 indicates, in contrast to the results obtained for 
Ascidia m., that the ganglionic area of Ciona is decidedly sensi- 
tive to light, yielding 32 responses out of 32 stimulations, while 
the siphons and body are relatively insensitive. The body 
responded but once in 35 trials, the incurrent siphon 5 in 35, 
and the excurrent 3 times in 6 trials. Since the excurrent siphon 
is much shorter than the incurrent, the 15-mm.=^ beam could 
not be focused upon it without its overlapping the ganglionic 
region somewhat, it was^ therefore not tested as frequently as 
the other parts, but left for a more critical test with a smaller 
beam. 
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Table 3 gives the results of this test. Stimulation was made 
with a beam 5 mm. in cross-section. The pencil of light was 
small enough to afford a more restricted localization of the 
stimulus both on the siphons and over the ganglionic area. 
Under these conditions the ganglion again exhibited its decided 
sensitivity to light in comparison with the insensitiveness of the 
siphons, yielding 26 responses out of 33 trials to only one 
response for the incurrent and none for the excurrent out of 35 
trials apiece. 

From the summarized table it will be noted that when the 
ganglionic region was stimulated the animal gave 58 responses 
(closure of siphons) out of 65 trials, while to stimulations of the 
other regions, the incurrent siphon yielded 6 out of 70, the ex- 
current 3 out of 41, and the body 1 response out of 35 trails. 
It was the larger of the two beams of light which was effective 
in eliciting responses when siphons or body were stimulated. It 
will also be observed that the latent period of response was longer 
for the smaller beam (8.9 seconds) than for the larger one 
(4.2 seconds) ; i.e., the larger the area stimulated, the shorter is 
the reaction time. 

When the body region was illuminated with a beam about 4 
cm. in diameter, it squirmed and contracted in that region, 
while both siphons remained open. Only two of the five Cionae 
responded in this manner, however. The reaction time in the 
one case was 18 seconds and in the other 26 seconds. Although 
the animals lay submerged in a depth of cm. of sea-water, 
this comparatively slow reaction time may have been due to the 
thermal effect rather than to the actinic effect. A thermometer 
placed at that depth and illuminated for twenty seconds showed 
a rise of temperature of 0.2®C., but no experiment was performed 
to decide the point in question. 
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SUMMARY OF THE RESULTS OF PREVIOUS INVESTIGATORS 

Since Hecht (’18) has carefully revie\yed the literature of the 
subject, I give below, from my own reading, only a brief summary 
of the results of both neurohistological and physiological studies 
made by earlier investigators. 

A, Neurohistological observations (Van Beneden andJidin, ^84) 

1. The ganglion consists of a central fibrillar substance 
surrounded by a peripheral layer of cells. 

2. The largest cells lie to the outside. 

3. There are localized groups of cells chiefly at the anterior 
end and on the ventral side of the ganglion which are suggestive 
of motor centers. 

4. Large nerve trunks run forward to the oral and backward 
to the aboral siphon. 

5. These break up into branches to form a nerve net about 
the muscle fibers. 

6. There are said to be club, brush, and plate-like motor 
nerve-endings present. 

7. No specialized sensory nerve-endings have been described. 

8. A cord of large ganglion cells extends down into the 
viscera. 

9. The ganglion- develops from the cerebral vesicle of the 
larva. 

10. The visceral cord develops from the epithelial wall of the 
central canal of the larval nervous system. 

11. The regenerating ganglion develops out of a derivative of 
the same embryonic tissue from which the original ganglion 
developed. (Schultze, ’00). 

B, Physiological observations (for dona intesiinalis) 

12. The siphons are the most sensitive parts. 

13. Rapid stimulation (prodding) is more effective than slow 
continued pressure for the same intensity of stimulus (Poli- 
manti, TO). 
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14. Duration of contraction mcr€|ises with increase m lue 
strength of stimulation (Kinoshita, 10), 

15. The aboral siphon is the most sensitive, judged by the 
shortness of the latent period; but judged by the duration of 
contraction, the oral is the most sensitive (Polimanti, 10). 

16. Successive stimulations cause both a decrease in vigor and 
duration of contractions (Kinoshita, 10). 

17. Contraction of the siphon begins at the tip and travels 
downward, while relaxation begins at the base and travels 
upward (Polmanti, 10). 

18. There are four types of reflexes: 1) the individual, involv- 
ing only the local region stimulated; 2) the protective, in which 
the impulse travels swiftly from siphon to siphon via the gan- 
glion ; 3) the general, which spreads more slowly from siphon to 
siphon via the base of the animal; 4) the ejection reflex (Jordan, 
’08), 

19. Narcotizing reagents are: cocain, magnesium sulphate, 
chloral hydrate, aceto-chloroform, quinine sulphate, nicotine, 
hydrochloride (Kinoshita, 10), and morphine in weak doses 
(Polimanti, 10). 

20. Excitative reagents are: Strychnine, and morphine in 
strong doses (Polimanti, 10). 

21. Curare is a partial narcotic according to Kinoshita (10), 
but an excitant according to Polimanti (10), 

22. As to the effect of temperature: 30°C. causes frequent 
opening and closing of siphons; 32° begins to have a benumbing 
effect, and 35° causes animal to shrink and become unresponsive 
(Polimanti, 10). 

23. For the effect of light only negative results were obtained 
by Kinoshita (10). 

24. Extirpation of the ganglion produces four chief effects: 
interruption in the coordination of the siphons, decrease of 
sffisitivity, increase of latent period and a lengthening of the 
duration of contraction (Kinoshita, 10; Polimanti, 10). 

25. The ganglion regulates reflexes in a feeble way either by 
mhibiting or facilitating them (Jordan, ’08; Polimanti, 10). 
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INTRODUCTION 

The main significance of the material presented in this paper 
is in its bearing on the question of modifying genes and the cor- 
related question of the method by which seletdion attains its 
results. A demonstration has been made of eight mutant genes 
which by themselves produce little or no effect upon the eye 
color of flies homozygous for them^ yet which modify the eye 
color of the sex-linked mutant 'eosin.^^ These ' specific’ modifi- 
cations are clear and simple cases of multiple genes. Each is 

^ Contribution from the Zoological Laboratory of Columbia University, and the 
Carnegie Institution of Washington. 

* A reference to the case of cream U and its bearing on the question of multiple 
and modifiying genes has been made in ‘‘The Mechanism of Mendelian Heredity,” 
page 203. A brief account of the discovery and the main facts of the inheritance 
of cream a, dark, w'hiting, and cream b has been given in “Non-disjunction an 
proof of the chromosome theory of heredity,” Genetics 1, page 147 ff. The impor- 
tance in evolution of specific modifiers, typified by cream a and whiting, wa.s 
emphasized in “The Critique of the Theory of Evolution,” {^ges 163 and 164. 
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the result of the coaction of a specific modifying gene (cream a, 
b; etc.) and of a particular gene (eosin) which serves as a base or 
chief factor. The scalfe of the modifications of eosin produced by 
these several modifiers ranges on the one hand to a deep pink 
darker than eosin, and on the other hand to a pure white, without 
considering the effects of combinations of two or more modifiers. 
In origin these modifiers were entirely independent of one an- 
other, and the order of their occurrence bears only a random 
relationship to the dark-light seriation. By combination of 
several of these simple modifiers a multiple heterozygous stock 
could be obtained which would be amenable to selection and 
which would offer upon analysis a satisfactory parallel to such a 
case as that shown by Castle's hooded rats. 

CREAM A 

A pure stock of the sex-linked eye-color eosin shows a strong 
sexual bicolorism, that is, the eye color of the eosin female is a 
rather deep pink, only slightly yellowish, while the eye color of 
the eosin male is a pinkish yellow, much lighter in tone than the 
color of the female (see Morgan, ’12, for an account of the origin' 
of eosin and a colored plate showing this difference in color). 
Eosin females and males maintain this constant difference in color 
wherever they reappear after crossing, and all double recessives 
involving eosin, for example, eosin vermilion and eosin pink, are 
likewise bicolored (Morgan and Bridges, ’13). Eosin is allelo- 
morphic to white — an eosin female mated to a white male gives 
in Fi no wild-type (red-eyed) daughters, but only daughters 
(white-eosin’ compounds) which are intermediate in color be- 
tween white and eosin. The sons of this cross are of the regular 
light color, which happens to be the same as that of the white- 
eosin female. 

In carrying on the stock of non-disjunction, such a mating as 
that just described had been repeated through several generations 
when it was noticed (July 15, 1913) that the flies in one of these 

* We denote compounds by the use of the hyphen and do not use the h3T>hen for 
non-allelomorphic multiples, for ej^mple, whitc-eosin, but eosin vermilion. 
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cultures (n43, Bridges, '16, p. 147) were somewhat variable in 
eye color. Certain of the flies were lights than normal, having 
markedly less of the pmkish tinge than standard eosin, so that 
they were of a pale yello^ or 'cream' color, ^me of the cream 
males were bred to rather light white^osin sisters which were 
suspected of being creams also. This mass culture gave a con- 
siderable proportion of creams, though whites (males) and eosins 
were also present. Little effort was made to separate the several 
classes of females. Among the sons there was no confusion, there 
being the three classes, white, eosin, and the new light color, 
cream. 

It was now assumed that the cream was a double recessive, 
that is, eosin plus a recessive mutant eye color, which by analogy 
with the known dilution effects produced on eosin by such light 
eye colors as vermilion and pink, was presupposed to be a color 
more transparent than the normal red of wild flies. 

When an eosin male is outcrossed to a wild female, all the F 2 
females are wild-type, but half of the males are eosin and the 
other half wild-type. If a cream male is an eosin male modified 
by an autosomal recessive mutant as suggested above, then in Fa 
from such a cream male by wild female, the new color should 
appear in a fourth of each of the classes which occur in the above 
cross. The Fa females should be in the ratio of 6 wild-type : 2 with 
the new eye color, while, the Fa males should lie 3 wild-type : 1 
new color ; 3 eosin : 1 'cream/ the double recessive. 


TABl.E 1 

Pi, cream d' X wild 9; vrilde 9 Pi wild-type 9 X Pi wild-type d 


1»13, 10/7' 

WILD-TTPl! 9 

WILD-TYPE o' 

1 

EOSIN" d' 

0 " 

I 113 

104 

47 

\ 44 

i 14 

1 


* Date on which the culture began to hatch. 


The Fs results of the cross of a cream male to wild female 
(table 1) showed that while the 'cream' character reappeared in 
Fa in the expected proportion (1 in 16), none of the other flies 
differed in eye color from those expected in the F 2 from the simple 
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cross of Cosin by wild. That is, none of the F2 females, all of 
which were not-eosin, showed a trace of dilution, and likewise all 
of the not-eosin njales were perfectly normal in color. About 
one-quarter of the eosin males were modified in eye color and 
showed the cream color of the grandfather. It is evident that 
the assumption was correct that the character cream is a double 
recessive, the product of the action of a recessive autosomal gene 
added to the effect of the sex-linked gene eosin. However, this 
gene does not by itself produce any visible effect, as is proved by 
the fact that a quarter of the wild-type flies must have been 
homozygous for it (not eosin creams^) and yet all were of normal 
undiluted color. The case of cream a was the first in Drosophila 
for which such a relationship was shown, and the class of genes 
typified by cream a has been called specific modifiers. Such 
specific modifiers have since been found to be very frequent and 
underlay many of the difficult early cases which were amenable 
to selection. 

The cream a gene is probably autosomal rather than sex-linked, 
as shown by the fewness of the creams; if the cream gene were 
sex-linked, then, because of the linkage between eosin and cream, 
from a quarter to nearly all of the eosin F2 males should have been 
modified to cream, the frequency depending on whether the locus 
of the cream gene were far from or close to that of eosin. 

* It is our custom to name mutants on the basis of the change they produce 
from the type of the wild fly, but since in the case of cream the stock homozygous 
for the gene is indistinguishable from the w*ild stock, the name was given from the 
most striking characteristic, namely, the power to dilute eosin to ‘cream. ^ This 
mutant was not called cream a (symbol Cm) until after the appearance of a second 
cream whose gene was foynd to be in the second chromosome. This new cream 
was then called cream II (the Roman II designating the second chromosome) and 
the flrst cream was renamed cream a (the a, b denoting simply relative order of 
discovery). For convenience in the further discussion of all these creams, the 
term ‘cream’ when referring to the character will indicate the double mutant form, 
eosin cream (w«w* CrCr), and in those infrequent cases in which we refer to flies 
homozygous for the cream gene, but not for eosin, the absence of the eosin char- 
acter will be denoted by 'not-eosin' (WW CrCr or Ww* CrC,). 
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CREAIVI II 

Shortly after the discovery of the first cream (cream a) a second 
cream appeared (September 15, 1913) among the eosin males and 
females of a stock culture of lethal 2. Wild-type females heter- 
ozygous for lethal 2 had bejen crossed to eosin miniature males, 
and the Fi wild-type daughters again crossed to eosin miniature 
males. The mothers of the culture which gave the creams were 
therefore wild-type females heterozygous for eosin and miniature 

as well as lethal 2 f ^ while the fathers were eosin miiii- 

ature. The cream males and females which appeared were much 
paler than cream a, though like cream a they were a light, trans- 
lucent yellow with little or no pinkish tinge.^ None of the not- 
eosin flies were different in color from normal red flies. 

A careful examination of the stock of eosin miniature failed to 
show any flies that did not have the standard eosin eye color and 
no lighter eye color has ever subsequently shown itself in this 
stock. It is evident that the gene for the modification had been 
present in the wild-type flies of the lethal 2 stock, but had been 
unsuspected so long as eosin was not present as a base. The 
demonstration that the cause of the observed dilution of eosin was 
a gene behaving in inheritance like the other mutant genes was 
easily made. 

One of these cream males was outerossed to a wild female. 
Among the Fs flies the creams reappeared, and, as in the parallel 
case of cream a, the not-eosin flies were all indistinguishable from 
one another and from wild flies in color. The F 2 result resembled 
that obtained with cream a, except that, as stated, the new cream 
was considerably paler; and it was further discovered that be- 
sides the creams approximately 50 per cent of the eosin males 
were intermediates between eosin and this cream, that is, cream 
II diluted eosin even in heterozygous form, so that the eosin sons 
were visibly as well as genetically in the ratio 1 cosin : 2 eosin 

‘ Colored figures of the unmodified eosin, and of cream II, of cream b, and of 
pinkish are being published by Bridges and Morgan in Carnegie Publication no. 
287 . 
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heterozygous for cream II : 1 eosin pure for cream II. The entire 
ratio, disregarding sex, approximated 12 : 1 : 2 : 1, the 12 being 
the red-eyed flies. » 

From the Fs a few cream males were selected and bred to their 
sisters, all of which were wild-type in appearance, though a quarter 
of them were homozygous for the creto gene (not-eosin creams). 
This mass culture gave the expected cream females and males 
from which a pure breeding stock was made up. There was a 
difference in the color of the males and females of this pure stock, 
the difference being of the same order as the normal bicolorism of 
eosin. A complete separation of the eosin from the eosin heter- 
ozygous for cream had not been attempted in the original F* 
culture. In order to observe the heterozygous condition more 
closely, a cream male from the pure stock was outcrossed to an 
eosin female. The F i flies, both males and females (culture M688) 
intermediate males 73, intermediate females 88,* were lighter in 
eye color than standard eosin, though the difference between 
eosin and these heterozygotes was less than the difference be- 
tween the heterozygotes and the pure cream. i 

Among these F^ offspring (table 2) there were six different eye 
colors: among the males the same three that occurred in the 
original F 2 and among the females three colors which, though cor- 
responding genetically to the classes among the males, were darker 
in eye color. The cream female is lighter than the normal eosin 
male, while the heterozygous cream female is somewhat darker 
than the eosin male. In order from the darkest (a deep slightly 
yellowish pink) to the lightest (a pale translucent yellow) the six 

One of the 88 intermediate daughters had only three segments to her abdo- 
men instead of the usual five. This female (figured by Morgan, '15, p. text 
figure 3a) was the founder of a new type of abnormal segmentation of Uie abdomen 
—‘patched.’ The segments were reduced in number (as in the first specimen) or 
more typically were cut sharply into oblique or triangular pieces which were 
patched together as illustrated in Morgan’s figures b-f . This character was reces- 
sive, but it generally reappeared in very much' less than a quarter of the F, off- 
spring. The usual causes for such deficiencies are poor viability, partial or com- 
plete dependence for realization on the coaction of one or more other genes, or 
failure to be developed in all the flies genetically pure for the gene, whether from 
environmental differences or because the normal fluctuations of the character 
overlap the wild-type. 
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colors are: eosin female, heterozygous cream female, eosiji male, 
heterozygous cream male, cream female, cream male (diagram 1, 
page 273). The females were first separated from the males. 
Then in each sex the pure creams were separated from the others, 
and finally the more difficult separation of heterozygous cream 
from eosin was undertaken. The separation of the creams from 
other colors is accurate, but the final separation, that of the 
heterozygous creams from the eosins must be regarded as only a 
close approximation. The sharp 1:2:1 ratio (160 : 318 : 148) 
which was obtained from this separation probably represents 
among the eosins a fair number of the darkest heterozygotes, 
while the lightest of the pure eosins were likewise classified among 


TABLE 2 

The Ft offspring given by F\ pairs from ike cross of a cream II male io an eosin 
female 


1913, 12/8 

FXMALXa 

MALES 

Eosin 

Heterozy- 

gous 

cream 

Cream 

Eosin 

Heterozy- 

goua 

cream 

C-reani 

M77 ; 

30 

57 

29 

29 

46 

2.5 

M78 

19 

49 

16 

14 

30 

15 

M79 

23 

43 

19 

18 

34 

20 

M95 

14 

32 

11 

13 

27 

13 

Total 

86 

181 

7.5 

74 

137 

73 


the heterozygotes. Probably 10 per cent of the combined eosin 
and heterozygous cream class overlapped enough so that the 
separations might or might not correspond to genetic differences. 
One test of the correctness of the classification of intermediates 
was made. From culture M79 a heterozygous male and a hetcr* 
ozygous female were selected, and the results (culture M9o) 
showed that both individuals were of the supposed type. 

No attempt has been made to secure a stock homozygous for 
the cream gene but without eosin. The cultures and experiments 
in which such not-eosin creams must have constituted one-fourth 
of the wild-type flies prove that such a stock could not be dis- 
tinguished by inspection from a wild stock. 



344 


CALVIN B. BRIDGES 


That the action of cream. II is specific only to eosin was sug- 
gested by crosses of cream with vermilion (x chromosome) and 
withj)ink (third chromosome). A careful examination of the F 2 
flies from these crosses showed no dilution of ether vermilion or 
pink by the cream, that is, the double recessive vermilion cream 
and pink cream (not-eosin) are indistinguishable from vermilion 
and pink, respectively. 

The proper method of study for cases of multiple factors or of 
modifiers is by means of linkage experiments, whereby all guess- 
work as to the number and effect of modifiers can be eliminated. 
In Drosophila such a study is rendered particularly easy by the 
small number of chromosomes and by the fact that in the male 
there is no crossing over of any of the chromospmes. In conse- 
quence, if two recessive genes which belong to the same chromo- 
some, for example, black and vestigial of the second chromosome, 
enter the cross from opposite parents (Tepulsion’) the F 2 never 
shows flies which have both these mutants at the same time. The 
double recessive class is entirely unrepresented, and the 2 : 1 : 1 : 0 
ratio of 'absolute repulsion’ results. This ratio holds whatever 
may be the amount of crossing over in the female, for the lack of 
double recessive sperm prevents the double recessive eggs from 
revealing themselves. This ratio is in marked contrast to the 
9 : 3 : 3 : 1 ratio which obtains when the two genes belong to 
different chromosomes, for example, curved of the second chromo- 
some and ebony of the third cliromosome. 

The light color cream was known to be eosin plus a recessive 
modifier which belonged to an autosome linkage group. To find 
whether this group was that of the second chromosome, a cream 
male (from pure stock) was outcrossed to a curved female, cu;;\"ed 
being a recessive wing character whose gene is known to belong 
to the second chromosome (Bridges and Sturtevant, ’14). A pair 
of Fi wild-type flies inbred gave the results of table 3. 

Since cream only shows itself where eosin is already present, we 
may disregard all the flies of culture 70 except those with eosin 
eyes. These eosin flies are obviously in the ratio 2 : 1 : 1 : 0 
which is expected if the cream gene is in the second chromosome, 
though the flies a troeo few to prove the point. 
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TABLE 3 

Fijrom (he crom 0/ erean II male to cunxd female 


1914, 3/20 

NOT*K0SI5( (d'+'f) 

eSbin (MaI-EH only) 

Wild-type 

1 

Curved 

Eosin ' 

Eosin curved 

CrcHiii II j 

' Creatii II 
curved 

70 

IM 


37 

14 ! 

1 15 1 

0 


A more efficient experiment than this last was carried out by 
making all the flies of the experiment eosin, in which case the 
2 : 1 : 1 : 0 ratio involved all the offspring, rather than only a 
quarter as in culture 70. A stock of eosin black was made up 
(black being a second cliromosome mutant) and a female of this 
stock was outcroesed to a cream II male. The Fi and Fj results 
are given in table 4. All of the F i flies and half the F 2 flies were 
of the intermediate color of the heterozygous cream. In the Fa 
these intermediates were classified along with the pure eosins so 
that the cream was treated as though a strict recessive. 

The r 2 ratio of 442 : 217 : 207 : 0 is a very close approximation 
to a 2 ; 1 ; 1 : 0 ratio and proves that the gene for cream is in the 
second chromosome (cream II). 

TABLE 4 


Pi mating, cream II cl' X eosin black 9 ; Fi 7naling, heterozygous cream // 9 X /'’i 
heteroz 2 jgous cream II cT 


Fi CL'LTCRES 1914, 3/16 

HETEROZYGOIS CREAM II 

: 9 9 

HETEROIYCjnrB CREAM II deP 

119 


51 



41 


329 


1 

5 



18 


Total 

66 ' 


59 



E081V 

EOSIN 

BEACK 

CREAM 11 j 

, BLACK CREAM 11 

FjCci-TcRfcs 1914, 8/3 









? 

o' 

9 

cf 1 

9 ! 

o' 

9 

d' 

372 

50 

38 

24 

15 

14 ^ 

25 


0 

398 

57 

42 

18 

31 

1 19 

19 

1 0 1 

0 

399 

69 

79 

36 ' 

43 1 

i 43 

j 39 

0 

0 

400 

48 

59 

33 ; 

17 

i ‘‘^4 

1 24 

1 

1 ° 

0 

Totals 1 

224 

218 i 

■ 111 1 

j 106 1 

1 

: 100 

107 

1 0 ! 
1 

0 









1 

442 ' 

j ^^17 j 

207 1 

1 

! 
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A similar experiment in which cream was crossed to eosin 
ebony (ebony being a third chromosome mutant, Sturtevant, 
14) gave a typical 9 : 3*: 3 : 1 ratio (table 5), which agrees with 
the fact that the cream gene is not in the third chromosome. 

In order to find the locus of cream within the second chromo- 
some, it would have been necessary to run linkage experiments in 
which all the flies were eosin; thus, one of the experiments might 
have been cream II by eosin black and a backcross of the Fi 
female to black cream males, and another a similar backcross in 
which curved was used in place of black. The amount of crossing 
over between black and curved was known to be about 25 per 
cent. The two values black cream and curved cream which 
^would be found by two such experiments (both walues might, of 


TABLE 5 

Fz from the cross of cream II <f by eosin ebony 9 


1014,3/31 

E08IN 

CBZAlf II 

COSI>' ZBONT 

CBBAU n XBONT 

154 

61 

21 

' 18 

4 

161 

85 

28 

35 

14 

162 

134 

37 

i 

36 

10 

Total 

1 

280 

86 

89 

28 


course, be found from a single more complicated experiment) 
would enable the locus of cream to be calculated with considerable 
accuracy. While much is to be learned of the mechanism of 
crossing over from a study of the relative distributions of loci 
within various regions of the chromosome, yet in the case of cream 
II it was thought that the compensation would not be worth'the 
effort. Any further use of cream II in other linkage experiments 
would involve the 'eosinization^ of all the stocks used. In the 
case of certain of the later creams, an approximate location of the 
gene within the chromosome has been made, but such location 
was made less laborious by the discovery of certain dominant 
mutations which were not available at the time the work on cream 
II was finished. 
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DARK AND WHITING 

It was noticed (September 23, 1913) that in certain cultures 
(m 100, M 101) which were part of the experiments on non-dis- 
junction, there were present eosin males which were abnonnally 
dark in color. In the next generation more dark males appeared 
and some of the white-eosin exceptional daughters were nearly as 
dark as pure eosin females (no pure eosin females could occur in 
this culture except by the very rare equational non-disjunction; 
Bridges, 16). In subsequent generations the dark modification 
continued to reappear in such manner and in such proportions as 
to suggest that it w^ a converse case to that of cream a, that is, 
that there was present a recessive gene, a specific darkener of 
eosin, which does not modify the color of those flies which are not 
eosin. No very extensive records of the behavior of dark were • 


The occurrence of wkitinff among the offsprmg of a pair of. ‘dark’ eosin flies 


1913, 11/21 

EOBIN 9 

o' 

1 

WHITE ! ! 9 ; 

WHITE I I o' 

M67 

76 

56 

11 

27 


made, since my attention was soon diverted from this type by the 
occurrence in the same cultures of a much more striking variation. 

One of the dark females, supposed to be a white-eosin com- 
pound, mated to a dark eosin brother gave a surprising result in 
that there were produced some females which were pure white in 
eye color (table 6). When these white females began to appear 
they ^ were set down as examples of equational non-disjunction, 
but as the culture produced more and more of them it was s(^en 
that they were appearing in far too great a proportion to be easily 
explained by this rare phenomenon. Again, if the mother of M67 
were indeed heterozygous for the sex-linked white, then the white 
sons should be equal to the eosin sons in number, instead of which 
they were only about half numerous. Furthermore, half of 
the daughters should be pure eosin and half the lighter white- 
eosin compound, while in fact they seemed all to be pure eosin 
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with many of them of an extra dark color. This extra dark color 
likewise occurred in a fair proportion of the eosin sons. The 
whole result of culture M67 seemed inexplicable unless it was 
assumed that the white which here appeared was not the original 
sex-linkeci white which had been running through the experiments 
up to this point, but was a new and complex color. 

The disappearance of the true white is easily accounted for when 
one remembers that the culture from which this supposed white- 
eosin female was drawn was extraordinarily complicated as to eye- 
colors by the presence of eosin and ^dark’ eosin, of white-eosin 
compounds and of ^dark’ white-eosin compounds, of the true 
white and of the new complex white, and as to inheritance by the 
^ occurrence in the same culture of two sex-linked and of two non- 
sex-linked characters, by the multiple allelomorphism of white and 
* eosin and by the occurrence of exceptions by non-disjunction. 
Because of the dark modification it had been impossible to dis- 
tinguish between the normal eosin color and a white-eosin com- 
pound raised to about this same color by the action of the dark 
modifier, and the mother chosen had really been pure eosin and 
not a dark white-eosin compound as supposed. 

The true nature of the new white was not fully established 
until one of the white females from*M67 was outcrossed to a bar 
male with the result shown in table 7. Here the surprising fact 
came to light that the white female when outcrossed gave no 
white sons, and the ^exceptionaF daughters likewise were not 
white, but were eosin. These facts prove that the white mother 
did not carry the sex-linked white, but was a modification of 
eosin, and that the modifier was an autosomal recessive. These 
conclusions were confirmed in the clearest fashion in the next 
generation by the offspring of culture M92 whose parents were a 
regular bar daughter and an 'exceptional’ bar son both from M74 
(table 7). 

The colorless flies reappeared only among those sons which 
were already eosin, while the not-eosin flies, both males and 
females, showed no effect whatever of. the action of the modifying 
gene. The F 2 was a good example of a 12 : 3 : 1 ratio. The new 
gene then differs from the two creams and dark only in this 
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respect, that the double recessive eosiii Svhitins^ is pure white in 
eye color instead if being a pale yellow. Whiting, though nnich 
more extreme in its effects than cream 11, was found to be com- 
pletely recessive, the eosin males heterozygous for whiting were 
indistinguishable from the pure eosiii males. 

The results of these last two generations show conclusively that 
there was no sex-linked white present, and this proves that tlie 
colorless flies of the former culture MO? were likewise (cosin) 
whiting, the 132 eosin to 38 colorless flies of MOT being an approxi- 
mation to the 3 : 1 ratio expected for a Mendel ian recessive. 

TABCK 7 


The Fi offfipring of a irhile ! ! 9 JfoTn M67 which kvis ou temra^ed to a hor male 


1913, 12/10 

HEGL’IiAH 

OFFSPSING 

EX< EI’TIONa JIY S0N'BI«JGN(T10N 

Bar 9 

EOhill 

^ J'losin 9 

Bar cf 

M74 

95 

81 

7 

8 

The Fi results obtained from a bar 9 uud a bar d' frotn (he alnnw; the bar character 
has been ignored 

1913, 12/27 

Red 9 

Red (f 

lOasiii cT 

White 1 1 

M92 

217 

* 111 

Cl 

24 


The F% reeultfi oliiained from a red female and a irhdel ! J' from the above 


1914, 1/21 

i 

^ Wild-type 

lioylii 

White ! 1 

f 9 

44 

24 

2C 



3.5 

22 

! 

Total 

79 

4(5 

1 5.5 


None of the females of culture M92 were eosin and accordingly 
none could show whiting. In order to obtain whiting females 
with which to make up a pure stock of whiting, several of the 
wild-type daughters were bred to their whiting brothers. A 
quarter of these wild-type daughters must have been pure for 
the whiting gene, a half heterozygous, and the remaining fjuarter 
free from it. One such selected female proved to be heterozygous 
for both eosin and whiting, and the cross of this female to the 
whiting brothers was thus a backcross test (table 7 ) . 
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Expectation called for an equality of the four genetic classes 
which occurred in cultoe Ml 14, but as the not-eosin whiting 
males and females are indistinguishable from the wild-type flies, 
the 1 : 1 : 1 : 1 ratio became converted into a 2 : 1 : 1 ratio. From 
the whiting females and males which appeared in culture M114 
a pure stock of whiting was made up. This double recessive 
stock was indistinguishable in appearance from the stock of the 
sex-linked white. 

Two of the whiting males of culture Ml 14 were tested by out- 
crossing to eosin females. The Fi flies were standard eosin in 
color (table 8), and the F 2 raised from two paire of these Fi flies 

TABLE 6 


The Fi and ¥% re&vXU from the outcrossing of two whiting males of ctdture MII4 to 
eosin females of pure stock 


1914, 1/27 

I08IN 9 

ZOilN cf 

Mils 

64 

66 

M118.1 

38 

35 

Total 

102 

101 

1 . .. 

1914, 2/9 

ZOSIK 9 

EOSIN (? 1 

WHITING 9 

WHITING c? ' 






25 

118 

120 

50 

61 ^ 

26 

118 

104 

53 ! 

53 






Total 

236 

224 . 

103 

114 


was of the ordinary 3 ; 1 type, the whiting reappearing among the 
females and males equally (table 8). It is evident that whiting 
has excellent viability, for in most of these cultures it slightly 
exceeds expectation, the greatest departure being in the above 
cases where it reappeared as 32 instead of 25 per cent of the Fs 
flies. 

The sex-linked genes white, eosin, and cherry are all allelo- 
morphs of each other. Cherry and eosin females are almost 
identical in color, but cherry males are of the same color as cherry 
females and are easily separated from eosin males. A series of 
tests was run to observe the effect of the whiting gene when acting 
with these allelomorphs. The previous experiments in \%hich 
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homozygous whiting had no visible effect in the absence of eosin 
have proved that red, the normal allelomorph of white, eosin and 
cherry, is unaffected. 

In order to observe the interaction of white and whiting, two 
(eosin) whiting males from Ml 14 were out-crossed to white 
females of pure stock. The Fi females were white-eosin 
compounds of normal color, and the sons were \yhite as 
expected (table 9). F 2 from the cross of eosin male by white 
female gives in equal numbers the four classes: white-eosin 9, 
white 9, eosin and white d'. The cross of (eosin) whiting 


TABLE 9 


The Fi and Fi offspring from the cross of (eosin) ii'hiting males (o while females 


1914 , 1/20 

WHITE-EOSIN 

i 

MIDI.... 

113 

M117 

46 


Total 

159 



9 


WHITE 


107 

40 


ir>3 


19U,2/3 

WRITE- 

EUBIN 9 ' 

(white- 

eosin) 

WHITJNG? 

WHITE 9 

WHITE 

(whiting) 

9 

EOSIN (f 

(eosin) 

,WHlTIN<;:f 

] WHITE 

WHITE o' KwHITINR) 

i 

9 

44 


81 


54 


75 

31 

37 


65 


24 


.55 


18 


21 


25 


2S 

Total... 

99 

167 

103 

* 15S 


male by white female should give this same result with the fur- 
ther genetic subdivision of each of the four classes into 3 not- 
whiting to 1 homozygous for whiting. Since all white flies are 
incapable of further dilution the white whiting double recessive? 
should be w'hite even in the absence of effect of whiting on white. 
But in the white-eosin compound females we shall have a chance 
to observe the interaction of white and whiting, if white and 
eosin react in the same* fashion toward the whiting gene, then 
the substitution of one white allelomorph for one eosin in the 
white-eosin compound should not prevent the whiting from 
diluting the compound to a colorless eye. But if the white 
cannot thus be substituted, the white-eosin compound should 
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be either unaffected or less affected by the action of the whiting 
gene. Should the white-eosin whiting flies be colorless, then 
the colorless classes should be 3 white + 1 whiting white -f 1 eosin 
whiting (eosin whiting if males, white-eosin whiting if females), 
and these classes should total |, or 62.5 per cent. The colorless 
flies did in fact constitute 61.7 per cent. What is even more 
significant, the proportion of colorless flies among the females 
was just as great as among the males (table 9). The colorless 
males are known to include the (eosin) whiting flies, and the 
conclusion is justified that the like class of colorless females 
included white-eosin whiting flies. 


TABLE 10 

The Fi and Ft oj^spring from t}^e outer oss of (eosin) whiting males to cherry female 


1914, 1/28 

EOSIN-CHERRY 9 

CHEBBT cC 

M119 

M120 

64 

64 

75 

63 

Total 

128 

138 

1814, 2/9 

1 EOSIN- 
CHEHRY 9 

EOSIN- 

CHERRY 

(whiting) 

9 

1 

CHERRY 9 

CHERRY 

(whiting) 

9 

EOSIN ^ 

(eosin) 

WHinNG 

CHIRBY <f 

CHEBBT 

(WHmNQ) 

cT 

27 

28 

1 159 

! 16% 

64 

48 

12 

24 

93 

73 

Total. .. 

328 

112 

36 

166 


The most interesting of these three experiments was that in 
which (eosin) whiting males were outcrossed to cherry females. 
The Fi females were eosin-cherry compounds, and the males 
were cherry which is of nearly the same color (table 10). F 2 of 
the cross of eosin male by cherry female gives in equal numbers 
the F 2 classes eosin-cherry compound 9, cherry 9, cherry 
and eosin d^. The eosin-cherry female and the pure cherry 
female are so nearly the same color that they form one phenotype, 
but the eosin males can be easily separated from the cherry 
males. The cross of (eosin) whiting male by cherry female will 
give further subdivisions of each of these classes into 3 not- 
whiting: 1 homozygous for whiting. 
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The result obtained in this F 2 was entirely unexpected; for 
cherry, which is allelomorphic to eosin and so closely similar as 
to be distinguishable only in the males, gave a totally dissimilar 
reaction with whiting, the double recessive, cherry whiting, being 
indistinguishable from cherry both in males and females (tabh' 
10). This result is very clearly shown by the males of this Fj 
which closely approach the ratio 4:3: 1. A corrcsjmnding con- 
dition is revealed in the females, for not a single colorless female 
occurred, and though the females were of four main genetic 
types they were objectively of but a single class. The whole 
ratio in this F 2 was then 12:3: 1 exactly as would be the cas;e 
in the F 2 from an outcross of (eosiii) whiting male by wild female; 
that is, cherry is similar to the wild-type allelomorph red in its 
interaction with the whiting gene. It was observed in the 
from (eosin) whiting by white that the eosin-white whiting fonnile 
is colorless; in this experiment we observe that the eosin-cheny 
whiting female is not thus diluted. This comparison shows that 
there is here a total dissimilarity in the reaction of tln^ allelo- 
morphs white and cherry. The fact that cheny whiting is in- 
distinguishable from cherry proves a like dissimilarity of the 
allelomorphs eosin and cherry. The entire group of (‘xperinuMits 
reveal how curiously specific w'hiting is in its power of dilution, 
giving with eosin and with white the ejjtreme amount of dilution, 
and with red and with cherry the other extreme of dilution no 
dilution whatever. 

One further test of the lack of reaction of whiting with cherry 
was made without the presence of eosin in the cross. The Fi 
cherry males from the cross of cherry female by (cosin) whiting sp. 
mak were heterozygous for the whiting gene. One of these males 
was outcrossed to .pure cherry females and from the h 1 cherry 
males and females tw^o mass cultures were made (table llj. 
One-sixteenth of the flies hatching from these new cultures should 
be whiting as well as cherry, while the eosin has been entirely 
eliminated. None of the 678 cherry flies from these cultures 
was diluted, a result which confirms the conclusion that the 
double recessive cherry whiting is not visibly different frr)m 
cherry. 
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table 11 

The Fi offspring of two Fi mass cultures from Ifie outcross of an Fj, cherry male 
heterozygous for whiling {ex Mll9) to cherry fmale 


1911. 3/2 

CHSBKT AND CHBBST 

(WHraNO) 9 9 

CHSBBT AND CHBBBT 
(WHITINQ) c? d' 

75 

215 

241 

95 

1 

118 

104 

Total ^ ‘ 

333 

345 

CREAM III 


In a culture which was part of an experiment on lethal lb 
(Morgan and Bridges, ’16) Miss E. M. Wallace found (February 
27 , 1914) a few females which were much lighter in eye color 
than their white-eosin sisters. Following my suggestion that 
this color might be a cream similar to cream a or cream II, these 
females were given me for experimentation. I outcrossed one 
of them to an eosin male of pure stock. The Fi males (table 12) 
showed that this female had carried yellow and white in one X 
and eosin in the other, this being the condition expected from 
her parentage. The cream was seen to be recessive, since all of 
the Fi flies were standard in color, and not sexdinked, since it 
did not appear in the sons of the cream mother. 

An Fi mating was mad% between an eosin female and an eosin 
male, since by this means both yellow and white could be elimi- 
nated from the experiment. In Fa the cream color reappeared 
but in numbers rather fewer than the expected quarter (table 
12). In appearance this cream III was very nearly as light as 
the homozygous cream IT. 


TABIj; 12 ^ 

The Fi and Ft offspring from the outcross of a new cream {cream III) 9 to an 
eosin d' 


1914,3/9 

WHITS-E08EN 

9 

EOSIN 9 

YELLOW 
WHITE o' 

EOSIN o' 

YELLOW EOSIN 

o' 

WHITE o' 

92 ; 

25 

21 

15 

24 

0 

0 


1914, 3/26 

EOSIN 9 

EOSIN 

CREAUtll 9 

CBBAJI III d* 

136 

91 

92 

22 ^ 

21 
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From the cream males and females of culture 136 a pure stock of 
the double recessive eosin cream was made up. Tliis double 
recessive will usually be referred to simply as cream, and ‘not- 
eosin’ will be used in other cases. 

In order to find out in which chromosome the gene of this 
cream lies, a second cream female (found February 28 in the 
same culture as the first) was mated to an eosin black male of 
the stock which had been made up to test cream II. Two V\ 
pairs (eosin 9 x eosin d^) gave a 9: 3: 3: 1 ratio (table 13), 
which proves that the gene for this cream is not in the second 
chromosome. 


The Fi and Ft offspring from the outcross of a cream III female to an eosin 
black male 


j 

1914, 3/18 

White 
KO fiiy ? 


YELLOW 

WHITE 

K08IN' cT 

1 

YELLOW 

EOBJK 

WHITE (^' 

121 

52 

61 

35 

58 

0 

3 


159 

160 


118 

136 


254 


KOBIN BLACK 


45 

49 


94 


56 

41 


97 


BLACK CREAU I(I 


15 

20 


The fact that this cream is not in chromosome II makes it 
probable that it is in chromosome III, since chromosome IV is 
very small. To test this point a cream female from the pure 
stock made from culture 136 was mated to an eosin ebony male 
from* the stock which had been used in testing cream II. Three 
pairs of eosin Fi flies gave the ap^iroximation to a 2: 1 : 1 : 0 ratio 
observed in table 14. 

The absence of the double recessive cream ebony proved that 
this cream was in chromosome III, and it was accordingly called 
cream III; the Roman III being the symbol for the third 
chromosome. 

It was decided to find approximately the locus of cream lll^ 
in the |hird chromosome. To do this it was necessary to find 
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the amount of crossing over between cream III and some two 
other genes whose lod were already known. The best method 
of finding the amount of crossing over is by the backcross, which 
consists in testing a multiple heterozygote by the corresponding 
multiple recessive. The double recessive cream ebony III was 
made up by breeding the eosin ebony and the cream III flies of 
Fs (culture 361) to each other. Nearly all of these matings gave 
only eosin flies in Fi, but one pair gave ^lf of the flies eosin and 
the other half eosin ebony. These eosin ebony flies were hetero- 
zygous for the cream gene since their father was homozygous 
cream. When these F 3 eosin ebony flies were bred together a 
quartet of their offspring (F 4 ) were cream III ebony. One of 


TABLE 14 

The Fi offspring from the ouicross of a cream III female to an eosin ebony male 


1914, 8/3 

EOSIN 

EOSIN 

BBONT 

CBEAM ni 

CBEAII lU EBONT 

9 


9 

(f 

9 

cf 

9 


361 

43 

: 42 

24 

i 23 

27 

18 

0 

0 

363 

56 

50 

19 

23 

16 

23 

0 

0 

371 

59 

57 

19 

22 

42 

26 

0 

0 

Total \ 

158 

149 

62 

68 

86 

67 

0 

0 









1 

1 307 

1 130 

1 153 

c 

) 


the resulting cream III ebony males was outcrossed to an eosin 
female and their Fi eosin daughters were backcrossed to fresh 
cream III ebony males from the general stock which had mean- 
while been made up and carried on (table 15). 

As soon as this experiment began to produce results, a great 
variation in the amount of crossing over in the various cultures 
was noticed. The ebony stock used throughout this experiment 
was supposed from previous tests (Sturtevant, T3) to be homo- 
zygous for a modification of the amount of crossing over in the 
third chromosome. This modifier (Cm) when in the hetero- 
zygous form, greatly reduces the amount of crossing over, and 
it was this kind of result that was expected. Cultures 580 and 
582* of table 15 gave a low percente^e of crossing over, ai^d in the 
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light of subsequent experiments these are known to be the cul- 
tures in which the mother was heterozj’gous for the crossover 
variation (C^x Cja)- The other three cultures (578, 579, 581), 
however, gave a much higher percentage of crossing over, and 
for this one of two explanations seemed possible. Either the 
cream III ebony stock was not pure for as supposed, in 
which case this high value would be comparable with the regular 
values obtained in experiments free from Cm) or the eosin stock 
used as Pi (in the mating of cream III ebony male by eosin fe- 
male) itself carried Cj„ (in heterozygous form, since she gave 
a ratio of 1:1), in which case the high crossover value is com- 
parable with the crossover values obtained from mothejs homo- 

TABLE 15 

The c(yupling backcross offspring from the Pi mating of an cream III ebony male to 
an eosin female. The Fi eosin females hack-crossed singly to cream III 
ebony males 


1914, 10/6 

CKEAU III 
IBONY 

(eosin) 

I'KEAM HI 

(eosin) ebony 

PE II CENT 
CHOHBINO OVER 

578 

74 

72 

04 

78 

49.3 

579 ; 

55 

58 

28 

24 

31.5 

680 

107 

113 

21 

15 

14.1 

581 

73 

55 

34 

45 

38.1 

582 

87 

73 

11 

9 

11.1 


zygous for C. While crossing over in females heterozygous for 
Cm is very much lower than in females free from Ci„, yet in 
females homozygous for it is the highest of all (Muller, ’10). 
I was not able to decide without testing whether the high 
values were due to homozygous C,,, on the one hand or to homo- 
zygous not-Cju on the other. 

This question was not tested until December, 1915. Mean- 
while the number of stocks of primary mutations had increased 
to such an extent that it had become necessary to eliminate as 
many as possible of those stocks which were decreed less generally 
useful. Among those discarded (or lost) at various times were 
cream a, cream II, whiting, and cream III. However, the stock 
of creapa III ebony had been spared for this special test. 
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In order to see if the experiment would still give the two 
kinds of results observed before, several Pi matings (cream III 
ebony cT X eosin 9 ) were made, and each father was saved and 
remated to one of his daughters. Of six such tests five gave the 
low value and one the high (table 16), The low values corre- 
sponded to the expected result that the Fi females should be 
heterozygous for Cj,,. 

TABLE 16 


The B. C. offspring of cream III ebony males outcrossed to eostn females (pairs) 
and then remated each to a single daughter 


1 

1916, l/g 

CBSAX UI 
BBONT 

BOSIN 

CKIJUI QI 

BOBIN 

BBONT 

TOTAL 

2773- 

[9 

58 

52 

8 

7 

125 

w 

44 


9 

2 

119 

2774 « 

fs ' 

87 

87 

19 

9 

202 



45 i 

36 

8 

8 

97‘ 

2775 ^ 

f? 

47 

55 

6 i 

7 

115 



36 

26 

9 

4 

75 

2776] 

fv 

56 

71 

23 

8. 

158 

[o' 

31 

i 33 

8 

3 

751 

2777 1 

'9 

33 

34 

22 

24 

113 

id' 

1 35 

33 

24 

24 

116 

2778 1 

'9 

68 

76 

16 

6 

166 

10^ 

i 52 

63 

10 

15 

140* 


CBOWOYIB 
p<r cent 
10.6 

U.6 

13.7 

13.0 

41.0 

15.3 


‘ The two cultures 2774 and 2776 produced only half as many sons as daughters 
owning to the occurrence of a lethal (lethal 11), the mutation for which must 
ihave taken place in the eosin stock some time before. 

* Culture 2778 gave rise to a mutant 'roof wings’ which likewise had originated 
iin the eosin stock. 


That backcrosses made up from the low crossover cultures 
continued to give only low values is shown by table 17. The 
occurrence of a high value among such cultures would have been 
an indication that one of the cream III ebony males previously 
used had failed to be homozygous for Cm. 



EYE COLOR IN DROSOPHILA MELAXOGASTER 350 

If the high value of culture 2777 were not due to a homozygous 
not'Cju condition, then it should be due to the converse cause 
homozygosity for C„,; that is, the eosin stock whicli had fur- 
nished the other parent for our original experiment had itself 
been carrying the linkage variation In this case every 
cream III ebony fly from the high-value culture should be homo- 
zygous for C„i, and should give, when outcrossed to eosin flies 
free from C„„ all offspring heterozygous for C\„ and all daughters 


TABLE 17 

The B. C. (Fs) offeprvig given by continued breeding from a low crossover ralne line 
(2773) 0/ table 16 


1916, 2/1 ■ 

CBEAM nr 

EBONY 

EOSIN 

cheau hi 

EOBl.V 

EBONY 

TOTAL 

CBOHAOVER 

vah:e» 


60 

50 

5 

8 

’ 286 

10.1 


67 

62 

3 

11 



{9 1 

’ 43 1 

61 

f 

10 

7 

221 

16.7 



28 1 

52 

10 

10 

f 9 

32 

j 55 

12 

7 

223 



41 

61 

10 

5 

15,2 



[9 

IS 

23 

3 

3 

108 

i 

15.7 

c 

20 

30 

G 

5 

_ . f 9 

1 

30 

65 

1 

16 ! 

6 

225 

1 

13.8 

u 

i 30 

50 

12 

7 

[9 

' 23 

39 

7 

i 2 

129 

14,0 

3™ (o' 

16 

33 

5 

' 4 



1 



Total 

417 

581 

99 

75 

1172 

14.8 







giving the low value. One such test was made and the daughters 
all showed the low value (table 18). 

Both of these tests (tables 17 and 18) pointed to the presence 
of Qui in the particular eosin stock used to outcross to, though 
they were not conclusive because of being done on so small a 
scale. Conclusive proof (in press, Carnegie Publication no. 287) 
was soon furnished by Sturtevant, who had been trying for some 
time to get, by crossing over a stock, which should be but not 
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ebony. He made tests of the eosin stock, and found some 
individuals that carried Cm, from which he secured the desired 
stock. 

In making the tests of the last experiment (table 18) the out* 
crosses of cream III were made to eosin dichaete in order to 
establish by a three-point linkage experiment the location of 
cream III in the third chromosome. The preceding experiments 
(tables 15, 16, and 17) had already given 404 crossovers in a 
total of 2887 flies, or 14 per cent, in cases where the mothers were 
heterozygous for Cn,. In other experiments (by Sturtevant and 
Muller) in which ebony has been run with various third chromo- 

TABLE 1 $ 

The B. C. offspring from the outer oss of a cream III ebony femaU from £777 to an 
eosin dichaete male, and the Fi eosin dichaete females hackcrossed singly 


to erfifm III ebony males 


1916, 3/23 

' Cfiir 

e 

erlll 

•D 

®rlir 

1 

®rIlT 

D' 

e 

CBOB8- 

OTEB 

VALUB 

OF 

CBEAM 

III 

EBONT 

D' 



|D'« 



i 

1 Cr«am 

i HI 

! ebony 

Eoein 

dichaete 

Cream 

III 

dichaete 

Eoein 

ebony 

Cream 

III 

Eoein 

dichaete 

ebony 

Cream 

III 

dichaete 

ebony 

Eosin 

3902 

i 136 

146 

7 


6 

9 

10 

0 




10.2 

3^03 

I 93 

82 

2 


9 

2 

3 

0 




8.3 

3904 

; 86 

96 



3 

10 

4 

0 


0 

9.0 

Total. .. . 

. 315 

324 

. 

10 


18 

21 

17 

0 




9.3 


some genes in heterozygous Cm condition, the amoirnt of crossing 
over of sepia with ebony has been 25 ±, of pink with ebony 2 
and of ebony and rough 0.0 -f. That is, there is some crossing 
over in the region to the left of ebony, nearly all of which is in 
the sepia pink region, but almost none to the right of ebony 
(ebony rough 0.0 +). It seemed probable from the crossover 
value 14.0 that cream III lies to the left (i.e., near the sepia end) 
and at a position between sepia and pink. A comparison of the 
high value for cream III ebony (41.0) with the known homo- 
zygous Cfli values (Muller) for sepia ebony (48 -f) and for pink 
ebony (46+) led to this same conclusion though less definitely. 
The mutant dichaete was well adapted for this test because of 
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its dominance, its known position in the suspected region, and 
from its easy classification in the same flies with cream MI, it 
being a wing and bristle character. The double crossover result 
♦(table 19) showed that cream III is situated to the loft of dichaete. 
The cream III dichaete crossover value (4.2) is considerably 
smaller than the sepia dichaete crossover value (14.8) found in 
heterozygous Cr„ experiments, so that cream 111 is known to l)c 
between sepia and dichaete. The normal amount of crossing 
over between sepia and dichaete is 11.0 so that the ])robabl(‘ 
position of cream III is 3.1 to the left of dichaete or 7.0 to th(‘ 
right of sepia which is the zero position. 


TABLE 19 

The B, C, offsping from the outcrose of a cream III ebony female to a dickacte male^ 
and the Fi dichaete females backcrossed singly to cream III ebony males 



The occurrence of the linkage variation and its testing had 
diverted me from making tests of the effect of the cream II I gene 
in the absence of eosin as a base. Accordingly, the preceding 
experiment was repeated, but in such a fashion that half of the 
flies should be not-eosin. A cream 111 ebony female from the 
high value stock was outcrossed to a simple dichaete male. 

Several of the dichaete daughters ('’“ 

crossed singly to cream III ebony males of the high stock. 
The result (table 19, left side) showed that the gene responsible 
for the dilution of eosin to the cream color gave by itself a color 
somewhat similar to purple, that is, a 'magenta. But when 
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separations were attempted it was found that this color was not 
sufficiently distinct from the red to make classification accurate. 
In the eosin half of the fiies on the other hand, the separation was 
easy and entirely accurate. That is, while the so-called ‘creanij 
Iir gene by itself gave a certain effect, it gave so much more 
marked an effect in the presence of eosin that it was decided to 
retain the name 'cream IIT instead of renaming the mutant 
'magenta.' The separations in the not-eosin half of table 19 
correspond roughly to those of the eosin half, but the large size 
of the ebony not-magenta class is due to the impossibility of 
distinguishing the 'magenta' character, even though it was un- 
doubtedly present in most of these twenty-six flies. If this 
character were accurately classifiable (as magenta) without first 
laboriously combining eosin with all the flies used in the matings 
of each experiment, it would be incomparably more useful even 
if slightly less interesting from our present viewpoint. However, 
an experiment planned through eight generations had to be 
abandoned because it was found impractical to distinguish be- 
tween the cream III and the not-cream III where eosin was not 
present as a sensitizer. But this aborted experiment ^vealed 
that the ebony was a disturbing factor—that in the not-ebony 
flies the distinction was sharper than in ebony flies. The new 
possibility arose that the mutation could be used (as magenta) 
by excluding ebony from all the experiments. While this has 
not been adequately tested, it seems hopeful that with experience 
one may be able to use this eye-color without a preliminary 
eosinization of all the stocks, though it is not to be denied that 
in the presence of eosin the ease and speed of classification would 
be greater. 

CREAM B 

An eosin female from a stock of non-disjunction when mated 
to a bar male gave (culture 82, March 10, 1914) among the 
eosin sons one whose eye color was as light as that of cream II 
or cream III. This male was outcrossed to a wild female and 
in F 2 gave creams among the eosin sons, but no disturbance of 
the color of the not-eosin flies (cultures 183, 184, 185). The 
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Fj ratio was again 12:3: 1, as in similar crosses with other re- 
cessive specific dilutors. But the creams (cream b) which oc- 
curred in this F 2 were not as pale as any of the preceding creams. 

From the circumstances of the appearance of cream l> -that 
ft was observed in the Fi of an outcross and as a single individual 
—we should expect it to be a dominant, but as a matter of fact 
it proved to be a recessive. It seems probable, in explanation, 
that more creams were actually present in this Fi but were over- 
looked, since attention was distracted by the simultaneous appear- 
ance in the same culture of still another mutation (lethal 4), and 
more especially since the effect of cream b is rather slight. Only 
occasionally was one of the F 2 creams as marked as the grand- 
father, and the mutation might not have been recognized at all 
w^ere it not that an extreme fluctuant had attracted attention. 
Since cream b is recessive, we must suppose that the gene was 
present in both parent stocks. It could have been present in 
the bar stock and been undetected because of the lack of eosin, 
without which it has no visible effect. And the character might 
readily have been present in the eosin non-disjunction stock and 
have been passed over as an age variation, since as we ordinarily 
see flies from a stock culture they are of all ages and of corre- 
sponding densities of pigmentation. 

A pure breeding stock of cream b was made up for use m back 
crossing. By this time we were in possession of a good second 
chromosome dominant ‘star' and likewise of a perfect third 
chromosome dominant ‘dichaete/ which mutants have now be- 
come the most important in their respective chromosomes. By 
aid of these two dominants it is very easy to determine in a single 
experiment whether a given mutant is in the second or third 
chromosome. Thus, in the case of cream b, a, stock of eosin 
star dichaete was made up and used in making a P 1 cross to the 
cream. Then Fi eosin males which showed both star and di- 
chaete and which were heterozygous for the recessive cream \\cr(! 
backcrossed to cream b females of stock. There is no crossing 
over in the male of Drosophila, so that if cream b were in the 
second chromosome, none of the B.C. (back cross) stars should 
be cream, wMe* half of the dichaete should be cream and half 



364 


CALVIN B. BRIDGES 


TABLE 20 

The B. C. oj^spring from the Pi mating of an eosin star dichaete male to a cream 6 
female and the hackcrossiiig of ike Fi evsin star dichaete male to cream h 
females 


1915, 9/8 

N0N-CB0S80VEBS 

CROSSOTERa male) 

Eosin 

star 

Eosin 

star 

dichaote 

Cream b 

Cream b 
dichaete 

o*..- ! Star 
oreamb 

Eoain 

Easin 

dichaete 

til t;i; j 

f? 

20 

25 

26 

12 

0 0 

0 

0 




19 

21 

21 

26 

0 0 

0 

0 


f9 

14 

21 

18 

26 

0 0 

0 

0 


i 

14 

15 

17 

24 

0 0 1 

0 

0 

Total 

67 

82 

82 

77 

0 0 ^ 

0 

0 


not. If, on the other hand, the cream were in the third chromo- 
some, then none of the B.C. dichaetes should be cream, while 
the star and cream should assort at random. The experiment 
proved that the gene for cream b is in the second chromosome 
(table 20). 

An (eosin) star female and a cream b male selected from the 
B.C. offspring gave in the next generation the amount of crossing 
over between star and cream b (table 21). This value of 22.1 
includes some double crossing over, and the corrected or ‘map^ 
distance is probably about 22.5. The chances are in favor of 
the cream b locus being to the right of star, since star happens 
to occupy the leftmost of the known loci. 

TABLE 21 


The B. C. offspring given in P* by an eosin star female and a cream b male from 
table fSO 


19 U, 10/20 

NON-CROaSOVEBS 

CROSSOVERS (in FEMALE) 

Eosin star 

Cream b 

; Star cream b 

Eosin 

5593 1 ^ 

36 ^ 

41 

S 

8 


22 

41 

12 

12 

5824 1 ^ 

47 

39 

13 

7 

\cf 

28 

49 

11 

15 

Total 

133 

170 

44 , 

42 
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PINKISH 

In the fall of 1913 a stock of eosin black had been niad<' up 
with which to test the chromosome group of cream II. In the 
(pllowing summer (July 27, 1914) I noticed that a few of the 
males were somewhat lighter in eye color than the others, ))ut 
seemed chiefly noticeable because of the weakness of the yellow 
component of the eosin eye color. The color of the regular 
eosin male is a pinkish yellow; the color of creams a, 11, III, 
and b is nearly a pure yellow with little of the pinkish tinge, 
while this new color was somewhat the converse of this and was 
pale pink with relatively little yellow. 

One of these males mated to a sister gave all of the sons of 
this pinkish color and all the daughters of a similar color, which 
is, however, much harder to distinguish from standard cosin. 
It seems that this character is somewhat sexdimited in the same 
direction as eosin. Pure stock of the mutation had been (obtained 
at once through the happy selection of a pure pinkish female 
which had been taken to be simply an eosin female of somewhat 
lighter eye color because of being freshly hatched. 

Since pinkish appeared in a stock of cosin black, material was 
on hand to test the chromosome group at once. Accordingly, 
black pinkish females were outcrossed to eosin males and the lA 
eosin females, standard eosin in color, were backcrossed to black 
pinkish males. In the B.C. cultures half of the Hies were not- 
black, and the not-black pinkish flies were seen to be less marked- 
ly ‘pinkish’ in tone than the blacks. In the absence of black 
the eye color was more nearly like that of the other creams, 
though the amount of dilution is less than in the case of any of 
the other creams. In the first of these B.C. cultures (table 22) 
males and females were both classified together. Some question 
having been raised as to the accuracy of the separation of pinkish 
from eosin among females, the cross 'was repeated, and the more 
readily classifiable males (last three cultures) gave the same n^- 
sult as before. It was seen that the new or crossover combina- 
tions 'were as numerous (51.4 per cent) as the original classes, 
and this independent inheritance was taken to mean that the 
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gene for pinkish is not in the second chromosome. While this 
was a mistaken notion — the true relation being that the gene is 
so far away from black’ that in the female there is entirely free 
crossing over — yet it led to the device of the efficient ^double 
mating^ method of ridding a given stock of an undesired recessive* 
If pinkish were in the third chromosome, then the presence 
of the black in the pinkish stock could be of no advantage, and 
might be a very serious handicap, since it would prevent the use 
of all our third chromosome stocks containing ebony or sooty. 
The first step in the elimination of black was to mate together 
some of the not-black pinkish flies of table 22. One-third of 
the not-black offspring of such pairs should be of the desired 

TABLE 22 


The offspring given by ike Fi eosin-eyed daughters from the outcross of black pinkish 
fetnales to eosin 7nales, ivhen back-crossed to blcu:k pinkish males 


1914, 9/23 

NON-caoasovERS 

CROSSOVERS 

Black pinkiah 

(Eosinl 

^Eofiin) black 

Pinkish 

525 

70 

81 

71 

84 

526 

36 

29 

32 

22 

2424 

25 

21 

24 

35 

2425 

24 

27 

29 

31 

2426 

28 

24 

14 

29 

Total 

183 

182 

170 

201^' 




i 


kind, that is, entirely free from black. Our task was then to 
pick out from the mixture of pure grays and grays heterozygous 
for black some pure gray males for outcrossing to eosin females. 
In this special case we were aided by the fact that black happens 
to be slightly dominant, that is, the heterozygous blacks are 
somewhat darker than the pure grays. While this difference 
is not marked enough to be used regularly in classification, yet 
it enables us to pick out by inspection a greater proportion of 
pure grays than we would get by random selection. Four such 
males were selected as being probably free from black and were 
mated to eosin females. Into the same bottle with each pair 
of these flies was put a virgin (red-eyed) black female. The 
offspring from these two mothers are easily distinguished, since 
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they are eosiii-eyed if from the mother nnd red-eyed if 
from the black mother. The offspring frtim the black Jiadher 
constitute a test of whether the father ^^;e^e free from black, for 
in this case none of the red-eyed olTspriag hatching in th(' iloiiblo 
mating culture should be black, ^^■hile if the father were hetero- 
zygous for black half of the red-C'yed olTspring should be black. 
Only one of the four cultures gave black otTsjiring, and this 
culture was then discarded. The eosin-ey(Hl filths of the other 
three cultures were all heterozygous for ])iukish and at the same 
time free from black. By mating together some of these eosin- 
eyed flies pure pinkish offspring should be olhained as a (piarter 
of the offspring. A more efficient method, and the one actually 
followed, was to save the fathers and mate them to their eosin- 
eyed daughters, since in this case half, rather than a (juarter, of 
the progeny should be pure pinkish. 

In order to show by an actual test that the gene for pinkish 
is in the third chromosome, it was decided to take advantage of 
the fact of no crossing over in the male and to run a l)a(‘k-cross 
test of a male heterozygous for pinkish aiid for the dominant 
third-chromosome character dichaete. It was now realized that 
the back-cross tests of females heterozygous for pinkish and 
black had not excluded the possibility of pinkish being in the 
second chromosome, though they had shown that, if so, it could 
be only in one or the other end-region and not near black. Ac- 
cordingly, exactly the same procedure was followed as in the 
tests for the location of cream b, that is, a pinkish female was 
outcrossed to a male which had the dominant second-chromo- 
some star as well as dichaete. The Fi eosin star dichaede males 
were then back-cro.ssed to pinkish females. The result showed 
(table 23 ) that the gene for pinkish is in the second and not the 
third chromosome; for, as well as could be judged, none of the 
star flies were pinkish, while all the not-stars seemed to be ])ink- 
ish, and dichaete was present in half of both the star and the 
pinkish classes. 

In the light of this test, and from the fact that there was about 
50 per cent of crossing over between black and pinkish, we could 
place pinkish in either the extreme left or the extreme right end- 
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TABLE 23 

The B. C. offspring given by Fi eosin star dichaete sons, from the outcross of a pinkish 
female to a star dichaete male^ when hack-crossed to pinkish females 


1918, 8/25 

NON<B06SOVEBa 

CSO60OTIBS (in hale) 

(Eosin) 
star ; 

(Eosin) 

star 

dichaete 

Pinkish 

II 

Star 

pinkish 

Star 
pinkish , 
oiohoete 

1 

(Eosin) j 

(Eonn) 

dichaete 

^29 I ^ 1 

10 

12 

10 

1 

9 

0 

0 

0 

0 

lo" 

17 

13 

16 

22 

0 

0 

0 

0 

5266 < ^ 

22 

20 

! 18 

21 

0 

0 

0 

0 

W 

20 

20 

^ 21 

26 

0 

0 

0 

0 

Total 

69 

65 

65 

78 

0 

0 

0 

0 


region of the second chromosome. Tortunately, one advantage 
of the test just described is that it left us in possession of females 
heterozygous for star and for pinkish, and a back-cross test 
showed (table 24) that there is very free crossing over between 
star and pinkish. Pinkish is known, therefore, to be in the 
right-hand end of the second chromosome in the neighborhood 
of arc, speck, balloon, etc. Had the test given almost no crossing 
over between star and pinkish, we should have known that the 
gene for pinkish was in the left end, but this was not the case. 

A test as to whether the pinkish gene would have any visible 
effect in the absence of eosin showed (table 25) that in a very 
small per cent of the flies homozygous for pinkish there is a very 
slight dilution. This dilution is, however, so slight that rarely 
could one be sure that the effect observed is due to dilution rather 
than to the slight normal fluctuation of the red. 

* TABLE 24 


The B. C. offspring given by a star female from table 23 when back-crossed to a pinkish 

male 


IftlO, D/23 

NON-CROSSOVERS 

1 * 

CROSSOVERS 

(EoBin) star 

Pinkish 

Star pinkish 

(Eobui) 



* 





1 9 ... 

19 

30 

19 

20 

5267< 


26 

26 

19 

16 

Total 

45 

56 

38 

36 
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TABLE 25 


The Ft offspring given by ike Fj wild-type females and Fi eosin fualcs, from the out- 
cross of pinkish females to wild^maks 


1915, 10/28 

WILD-TTPE 

(VOT-EOSI\) 

pinkish) 

j EOSIN 

riNKl.SlI 

5678 ' 

121 

5 

76 

24 

5680 

52 

2 

4G 

17 

5703 

63 

14 

59 

18 

5704 

57 

6 

! 52 

1 26 

5705 

80 

3 

67 

IS 

Total 

373 

1 30 

;ioo 

103 


CREAM C 

While looking over the eosin stock (July 13, 11)10) iu search 
of a virgin female^ I noticed that a few of the Hies seemed to be 
unusually light in eye color. If this paleness were of genetic 
origin, then the gene must be of recent mutation, for on two 
occasions subsequent to the discovery of creams whose origin 
might be traced back to the eosin stock, this stock had been bred 
in such a way as to make it extremely unlikely that any cream or 
other eye-color mutation then present could fail to be eliminated. 

A pale eye color due to a mutation within the eosin stock 
might be an allelomorph of eosin, a specific modiher of eosin, or 
a non-specific modifier, such as vermilion or pink. The gene 
for the modifier might be sex-linked or be in any of the other 
three chromosomes. Only one experiment was carried out with 
this pale eye color, but this experiment was so planned that it 
answered all the above points. One of the pale females was 
mated to a star dichaete male. The Fj offspring showed at 
once that the pale color was due neither to an allelomorph of 
eosin nor to a sfflc-linked modifier, for the sons \vere all standard 
eosin in eye color. Likewise the color was a strict recessive, 
both in eosin (the sons) and in red (the daughter^). 

For the production of F 2 , Fi wild-type females and Fi eosin 
star dichaete males were mated together. The first point ob- 
served in F 2 was that the gene produced no visible effect by itself, 
for in that half of the offspring that were not-cosin none of the 
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eyes were of other than the normal red of the wild-type. On 
the other hand, amon§j the eosin-eyed offspring about a quarter 
were of the light color, and this without noticeable sex limitation, 
that is, the females and males were diluted to the same propor- 
tionate extent. On analyzing the distribution of the cream with 
respect to the second chromosome dominant star and the third 
chromosome dominant dichaete, it was seen that the gene for 
the cream is contained in the second chromosome, for the cream 
appeared only in the flies that were not star, all the flies being 
either star or cream and none being both star and cream or 
neither, which condition is in accord with expectation from the 
lack of crossing over in the male. The 2 : 2 : 0 : 0 ratio observed 


TABLE 26 

The Fj offspring given bjj F i vnld4ype females and F, eosin star dichaete males from 
the outcross of a cream c female lo a star dichaete male 


1916, 10/20 

S' 

, ■ g, 

D' 

+ 

D' 

S' 

; w® 
i S' 

1 

(we) 

^ro 

(we) ■ 

^rc 

! D' : 

w® 

D' 

(we) 
S' ' 

(w®) 

S' 

Cre 

D' 

5588^ 

26 

21 

32 

23 

23 

1 

34 

11 

11 

14 

15 

0 

0 

5631^ 

40 

32 

33 

34 

40 

■ 42 

18 

16 

10 

8 

0 

0 

5654 

17 

37 

32 

44 : 

40 

43 ! 

21 

17 

21 

23 

0 

0 

Total 

83 

90 

97 

101 

103 

119 

50 

44 ^ 

45 

46 

0 

0 


^ Culture 5588 aud 5631 produced ‘apterous’as the result of a fresh mutation 
which took place in the cream c stock (Metz, Am. Nat., ’14, pp. 675-692). 


in the case of star and cream c is in sharp contrast to the 1 : 1 : 1 : 1 
ratio in the case of cream c and dichaete in the same experiment. 
There were as many creams among the dichaetes as among the 
not-dichaetes, as is expected from the free assortment of genes 
in different chromosomes. 

Up to this point there had been no confusion possible among 
the various modifiers; for the effects produced had been different 
in one or more of the following respects: in degree, in color tone, 
in dominance, in specificity, in interaction with other mutants, 
in the chromosome concerned, or in the locus within that chromo- 
some. In the case of cream c, there was the chance of confusion, 
since in tone cream c is not different from cream b, though in 
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the amount of dilution (degree) there seems to be a very slight 
difference. The fact that they are both in the same chromosome 
(II) made essential a further test of tHeir distinctness. The 
method of linkage (a comparison of the star cream c value with 
the star cream b value) would be crucial only in case the values 
were quite different. An easier method, and one which at the 
same time disposes of the question of allelomorphism is to make 
a cross between the two types, \\hen this was done (culture 
5721) it was found that the Fi flies were standard eosin in color, 
as is expected from the cross of two distinct recessives. 10 vi- 
dently cream c is neither cream b nor an allelomorph of cream 
b, and this is the only case where confusion was possible. 

SUMMARY 

The significant facts with respect to the origin and the inheri- 
tance of these modifiers are summarized in table 27 in which 
the primary arrangement is according to the order in which the 
modifiers were discovered. The first four modifiers appeared in 
rapid succession in the summer and fall of 1913 and were worked 
out almost simultaneously. In 1914 three more were found, 


TABLE 27 

Summary of the origin and inheritu?ice of the spi rijir modi/iem of cmui 
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and another in 1916. On various other occasions dilute eosins 
have been observed whose inheritance has not been followed in 
detail.^ 

Origin of modifiers. All of the modifiers were first detected 
in stocks or experiments involving eosin. This fact is not the 
result of any influence of eosin upon mutation, but has a simple 
explanation in the fact that the modifiers produce little or no 
visible effect except when brought into coaction with eosin, and 
hence they pass undetected no matter how numerous, or what 
their origin, until this condition is satisfied. Only the last two 
modifiers, 'pinkish' and' 'cream c/ were found in stocks pure for 
eosin, and in these cases the mutation might have occurred previ- 
ously and have been incorporated with the eosin stock. The 
other six modifiers were found in experimental cultures in which 
only half of the flies were eosin; and in these cases it is usually 
not possible to say whether the modifier originated in or was 
introduced through the eosin or the not-eosin half of the experi- 
ment. In the case of cream II, there is good evidence that the 
mutation had occurred in a wild stock and had lurked there 
undetected until the cross to eosin brought it out of hiding. 
Cream b seems to have been present in both parent stocks. 
Creams a and II, dark and whiting, may have arisen in either, 
though the probabihty is on the side of the not-eosin parent, 
since these modifications were hkely to have been detected if 
present in the eosin parent stocks. 

The scale of modifications. A graphic representation and com- 
parison of the color differences produced by the modifiers is 
given in diagram 1. 

In constructing this diagram two standards were chosen, 
namely, the colorless eye produced by the interaction of eosin 
and 'whiting’, and the unmodified eosin. The modified eosins 
were then spaced along the line connecting these grades in pro- 
portion to their intensities of color. That is, homozygous cream 
II is the lightest of the other modifications and 'dark' is the 
darkest! Pinkish is the weakest of the dilutors of eosin. Creams 

’ In 1918 two other creams have been found, and the inheritance of one of thee© 
presents features of exceptional interest for the chromosome theory of heredity. 
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c, b, and a are quite similar in color, b and c being especially 
alike. Cream III is about half-way in (folor betwe(>ii eosin and 
white. The grades represent, as near as could be approximated, 
the mode of each color modification; tliere is in each case some 
fluctuation in the direction away from the eosin grade and a 
greater range in the direotion toward eosin. Since the eosin 


FEMALES MALES 



Diagram 1. The scale of modifications of eosin in females and males (modal 
grades). 

male is of a lighter eye color than the eosin female, it became 
necessary to arrange two such scries of grades in order to repre- 
sent the total range. After the separate distributiom? of color 
for the female and the male had been plotted, lines were drawn 
connecting the corresponding types in the male and female 
series. The surprising fact w’as then observed that all but one of 
the lines, if continued, would intersect the base line at about the 
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same point. This was a striking revelation of a relationship 
vaguely realized before^that the modification by each of these 
genes is proportionately as great in the male as in the female, 
although the actual modification is much greater in the case of 
the female. 

Sex limUation. The above relation does not hold in the case 
of pinkish, for the connecting line cuts the base line at a point 
only about three fourths as distant as the others. The dilution of 
the pinkish male is proportionally greater than that of the pinkish 
female. It is just in this respect that eosin itself differs from 
the other eye colors. The combination of these two ‘sex-limited’ 
characters, both of which differ in the same direction, increases 
the sexual dimorphism of the flies to a striking extent. 

Specificity. The primary characteristic of all these modifiers 
is that their visible effect upon eye color is dependent entirely 
upon, or is greatly increased by, the coaction of eosin. Of the 
eight modifiers, six (creams a, II, b, c, dark, and whiting) are 
entirely dependent, giving no visible effect whatever in the 
absence of eosin, while pinkish gives a very slight#‘diiution and 
cream III gives a dilution which is strong enough so that by 
avoiding certain adverse conditions there is the possibility of 
using it without the complication of eosin. In the case of pinkish 
the dilution is so slight that only in about a third of the flies is 
there any detectable difference. With both cream III and pink- 
ish the ease of separation and the sharpness of the difference is 
vastly greater in the presence of eosin. 

The term ^disproportionate modifier’ might perhaps be better 
for such cases as those of cream III and pinkish. Most of our 
mutations are what may be called ‘general modifiers/ since theh 
effects seem to be independent of one another, and the combined 
effect is cumulative and roughly proportionate. ‘General modi- 
fiers’ may be represented by the famiUar parallelogram, in which 
the initial condition (wild-type) is one corner, the effect of each 
gene acting independently is represented by the length and di- 
rection of the two adjacent sides, and the combined effect (double 
mutant type) is the opposite corner (diagram 2, a). In the case 
of the completely specific modifiers, such as cream II, the length 
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of the side between the wild^ype and (not-cosin) cream 11 
cornera is zero, so that the paralielograin becomes reduced to a 
triangle (diagram 2, b). In the case of* pinkish and cream III 
there is an intermediate condition in which the side between 
eosin and the double type is disproportionately far greater than 
the distance between the wild-type and the simple modifier 
, (diagram 2, c). There is another type of disproportionate modi- 
fication exemplified by eosin sepia which might be called reversed. 


a, General modifier b, Specific modifier c, Disproportionate modifier 
Wild-type Wild-type, cream H Wild-type 


Eosin i 


SPink 


''Eosin pink 


Eosin ( 


d, Reversed modifier 
Wild-lype^ _^Sepia 

Eosin i:'' 



Eosin i 

‘''Eosincieam II 

e, Non-modifier 
Wild-type 


Ruby Pink 
Ruby pink \\ 


V-Qream III 


^ Eosin cream in 


^ Eosin sepia 

Diagram 2. A graphical representation of some types of modification 


Sepia is considerably darker than the wild-type, becoming a 
deep blue-black in old flies. One might expect that sepia would 
cause a proportional darkening of eosin so that eosin sepia would 
be as much darker than eosin as sepia is darker than the wild- 
type. This is not the condition that actually obtains. The 
eosin sepia double form is lighter than eosin, about as represented 
in diagram 2, d. There are several other curious types of dis- 
proportionate modification. Thus, for example, ruby (sex- 
linked) may be described a»s a 'non-modifier’ of pink. The effects 
of these two genes are in the same direction and of like amount, 
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but they fail to have a cumulative effect, the double type being 
practically indistinguishable from either single type instead of 
being as much lighter as each is lighter than the wild-type (dia- 
gram 2, e). 

It has been shown for the case of cream II that specificity of 
a very extreme nature obtains; since cream II is incapable of 
modifying any of the other' mutant eye colors tried in place of 
eosin. The double recessives (not-eosin) cream II vermilion, 
and (not-eosin) cream 11 pink are the same in eye color as simple 
vermilion and pink, respectively. In the case of whiting the 
specificity is even more striking; for cherry, an allelomorph of 
eosin so similar as to be distinguished (in the females) only with 
great difficulty, is entirely undiluted by the whiting gene. 

Tone. Pinkish is aberrant in still a third respect: the other 
modifications can all be described as grades of dilution of the 
yellow-pink color of eosin, *the lighter grades being especially 
dilute in the pink component of the color. Pinkish, on the other 
hand, gives one the impression that the yellow component has 
faded more than the pink, so that there remains a slightly greater 
proportion of pink in pinkish than in eosin or in the other 
modifications. 

Dominance. The only one of the modifiers which gives an 
appreciable effect in heterozygous form is cream IL The amount 
of dilution of eosin due to heterozygous cream 11 is of about the 
same grade that the weakest of the other modifiers, namely, 
pinkish, gives when homozygous. 

Fluctuation. The amount of fluctuation in the eye color of 
the creams due to differences iii age, food, etc., was about the 
same as that observed in the other eye colors and their combi- 
nations. This question is of some practical importance in the 
making of classifications and is of theoretical interest in con- 
nection with the completeness of the seriation obtainable with 
a relatively few modifiers. 

Viability. All of these creams are of excellent viability and 
the observed ratios are very close approximations to expectation. 

Chromosome. Because of the difficulty of putting the modi- 
fiers to practical use, it was not at first thought worth while to 
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determine in which chromosome the gene for a moclitior 
lies. This information is therefore lacking in the case of cream 
a, dark, and whiting. Of the five oth(5r modifiers, one, cream 
III, is in the third chromosome, and the other four are in the 
second. The presence of four modifiers of eosin eye color in the 
second chromosome is in contrast to, or perhaps supplemontjiry 
to, the relative fewness of ordinary eye-color mutations in tliat 
chromosome. None of the modifiers were sex-linked, but this 
is probably not of special significance. 

Locus. The locus within the second chromosome has hvci] 
determined for two of the four second chromosome m<Hlifi(n*s 
of eosin, namely, pinkish at about 100, and cream i) at 22.5. 
The locus of cream III has not been found directly because of 
the presence of C,„ in the cream III stock. In heterozygous 
there has been found to be 4.2 per cent of crossing {)vor 
between cream III and dichaete, ^nd 5.4 per cent of crossing 
over between cream III and ebony. This corresponds to a locu.s 
on the normal map of about 3.1 units to the left of dichaete or 
at about 7.9 units to the right of sepia wliich is tlie zero-point 
of the maptif the III chromosome. 

DISCUSSION 

The facts of the inheritance of these specific modifit^rs sliow 
that each is a definite Mendeliau gene on the same footing witli 
the whole body of genes known in Drosophila, ihiis, they 
display clean-cut segregation from their allelomorphs; (;ach is 
located in and transmitted by a specific chromosoriKi of the 
Drosophila complex; they give free assortment with genes located 
in other chromosomes ; and with genes located in the same cliro- 
mosome they show linkage, with cr<.)ssing o\ er corresponding to a 

fixed locus. Each of these genes arose by mutation “a spr‘cific 

change in the hereditary constitution’’— by the transformation 
of the materials of a particular locus into a new form having a 
different effect upon the developmental processes. 

These specific modifications are clear and simple cases of 
‘multiple genes.’ Each is the result of the coaction of a specific 
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modifying gene (cream a, b, etc.), which by itself produces little 
or no visible effect, and of a particular gene (eosin) that is 
necessary as a ‘base' or‘‘differentiator/ 

The scale of the modifications of eosin produced by these 
several modifiers ranges on the one hand to a deep pink darker 
than eosin, and on the other hand to a pure white. This scale 
is purely artificial and descriptive, for these modifiers were 
entirely independent of one another in origin. Furthermore, 
the order of their occurrence bears only a random relationship 
to the dark-light seriation. 

By judicious combination of several such simple modifiers a 
multiple heterozygous stock could be obtained which would be 
amenable to^selection and which would offer upon analysis a 
satisfactory parallel to such a case as that shown by Castle's 
rats. The first result of selection in such a heterogeneous stock 
in the direction of lighter forms w^ould be to pick out individuals 
homozygous for one or more of the modifiers and probably 
heterozygous for others. These different individuals of course 
would not necessarily be homozygous for the same factors, and 
therefore the population might still remain heterogeneous for 
these factors. Continued selection would result in a greater 
and greater degree of homozygosity and homogeneity and a 
consequent slowing down of the speed of the progression of the 
population in the direction of selection. The grade of the form 
reached when the population is homozygous and homogeneous 
would depend on the number and character of the particular 
modifiers in the initial population. 

Ihe fact must not be lost sight of that there is not one iota 
of evidence to show that either the rate or the direction of the 
mutation processes that are characteristic of the species are 
altered by such selection. During the course of any selection 
experiment modifiers and other mutations should arise at the 
normal rate. In Drosophila roughly 25 per cent of the mutations 
found were wing or venation characters, 16 per cent body-color 
characters, and 20 per cent eye colors. Only eye-color mutations 
would have any effect upon the progress of our selection. The 
eye-color mutations found in Drosophila have been roughly in 
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the proportion of 60 per cent of general or noii-speeifie nuxlifiers 
of eosin, such as vermilion and pink, 22 per cent sp(H*iiic inodiliiTs 
of eosin, and 18 per cent allelomorphs ot eosin. proportion 
in which mutations are found should, of course, he distinguished 
from the proportion in which mutations arise. Jii this particular 
example the difference should be considerable, for since all tiie 
flies are eosin, the situation is particularly favorabh' foi- tlu' 
detection of specific and disproportionate modifiers of eosin, and 
the percentage found should be correspondingly higher than in 
our general work where eosin flies constitute only a small fract ion. 
It is probable that mutation is very much more frcfpient than 
appears, since a great many mutations are of very slight s(unatic 
effect and would pass undetected except that certain characters, 
such as eosin eye color, truncate wings, beaded wings, and a few 
others, are peculiarly sensitive differentiators for eye-color and 
wing-shape genes, etc. Mutations capable of affecting eye color, 
wing shape, etc., are presumably not less frequent of origin in 
ordinary stocks, such as pink eye or rudimentary wings, but 
these latter are poor reagents for the detection of mutations. 
Whether or not a specific modifier should arise during the course 
of selection depends on the length of the selection, that is, on the 
number of individuals, as well as on the freipiericy of that type 
of mutation. 

The previous eye colors (all types) may be roughly classified 
as 90 per cent dilutors and 10 per cent darkeners of eye color 
which is about the same proportion as that found among the 
specific modifiers themselves. Cases like that of eosin sepia 
show that the ratio of darkeners to dilutors considered from the 
basis of eosin may be far different from that shown by thi) pri- 
mary effects of these same genes (differences from the wild-type). 
WTiatever this normal ratio for eosin is, it should obtain in the 
selection experiment as well. When mutation in the direction 
of selection occurs, there should be a jump in the speed of pro- 
gression, and the final grade should be correspondingly more 
extreme. However, the modifier might be a darkener, but in 
that case it would not be selected and consequently would have 
only negligible effect upon the speed and the resultant grade. 
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No one can deny that progress under selection is theoretically 
possible by repeated mutation in a single locus. But to accept 
that as the actual mod^ in any particular case demands specific 
proof. Such a hypothesis should not be considered until it has 
first been demonstrated that the initial constitution of the stock 
was such as to require the assumption of further acts of mutation. 
If a fresh act of mutation is required, then adequate proof must 
be submitted before it can be accepted that this mutation is in 
the particular locus fav6red rather than in one or another of the 
numerous other possible loci. Our experience with many cases 
of successful selection in Drosophila has been that even in this 
form, where the work is aided by such special features as a vory 
small number of chromosomes, by absence of crossing over in 
the male, and by a knowledge of the initial constitution of the 
stocks that is not paralleled in other forms, it is often a matter 
of some , difficulty to prove that a particular modification arose 
during the course of an experiment rather than that it was present 
in and introduced through one of the parents. How much more 
difficult, then, would it be to prove in a form where the tests are 
far less precise and on a relatively small scale that all progress 
observed during the course of selection is due to the occurrence 
step by step of fresh mutations? And how much more precarious 
would it be to affirm that these fresh mutations are all of a single 
locus, w^hen one remembers that there are probably hundreds 
or even thousands of loci in which a mutation would have effect 
upon any given character. The evidence in the case of the 
creams is diametrically opposed to such a type of explanation, 
since the creams are manifestly of discontinuous origin in as 
many distinct loci as there are diverse modifications. The 
sipiilarity between the creams and such a case as that of the rats 
ihust be attributed to the presence in the rats of the only con- 
dition met with in the creams, namely, diverse mutation. 

In the absence of rigorous tests, no one is justified in assuming 
that modifiers are not present in any given stock. Not only 
have the many selections carried out on Drosophila led experi- 
mentally to such a conclusion, but it follows from a consideration 
of the facts of mutation. In the carefiffly pedigreed experi- 
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ments of Drosophila we continually observe inutMtit)ns arising, 
and are often able to locate the time and place of origin to a 
particular fly and to within one or a few c®ll generations, th ery- 
one who beheves that mutations are now occurring in his stocks 
in this manner must also accept the probable occurrence of sucli 
mutations in the immediate ancestry of liis stocks, since it is not 
likely that either the rate or tendency of mutation hav(^ cliangcd 
within any period with which we deal. The process of mutation 
thus gives rise in any stock to a complexity and heterog(Micity 
which is only that ^static condition of diversity’ said by Jennings 
(Jennings, ’17) to obtain for any species or kind of organism, 
suoh, for example, as the hooded rat. When selection is started 
in such a stock immediate progress should be expected ami this 
should continue until the stock is homozygous for all the genes 
capable of modifying the selected character. One cannot be 
certain that observed progress is due to fresh mutation until 
selection has been continued long enough so that the initial 
diversity has been removed. The initial diversity means 
that mutations had previously occurred in various loci, 
and the presumption is that during the progros.s of 
selection the stock will not cease mutating in diverse^ kxu and 
henceforth mutate solely in one locus. Muller (T4), ^lacD(nvell 
(T6), Sturtevant (T8), and others have shown that the results 
obtained with selection in the hooded rats are, aside from one 
definite new mutation, exactly those expected from simple se- 
lection, in a heterogeneous stock of the kind supposed by the 
Frenchman Jordan, subscribed to by Jennings, and ea.sily ex- 
plained as the result of previous diverse mutations. It is inter- 
esting to observe that the list of cases in which unilocai mutations 
or contamination may be seriously considered is dwindling with 
the progress of exact knowledge. 

Ip our opinion, the attempted distinctions between ^saltations,’ 
'mutations,’ and 'variations of slight degree’ have led rather to 
confusion of thought than to clearer thinking. To us these are 
all a single class, 'mutations,’ and the term carries no restrictions 
of degree, covering the most extreme as well as the slightest 
detectable inherited variation. Distinctions of degree when ap- 
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plied to mutations depend largely on circumstances and per- 
sonalities, and are correspondingly inexact. Thus, students be- 
ginning work on Drosophila usually complain that there is almost 
no difference between pink eye color, for example, and the wild 
form, so that the classifications are made with considerable un- 
certainty. With more experience these same workers come to 
regard this difference as very great and are astonished that they 
should ever have thought otherwise. Again, some workers are 
able to distinguish with assurance characters that quite pass the 
resolving power of other workers seemingly equally experienced. 

In the Drosophila work great numbers of mutations have been 
encountered whose somatic effect may be roughly described as 
‘slight.' If degree of effect were marked off as abscissae and 
number of mutations that actually arise as ordinates, it seems 
probable that the highest point of the curve would be at the least 
extreme mutations and the curve would fall rapidly and gradually 
with the most extreme mutations. For most of the problems 
in which we have been interested precision of classification is 
essential, and precision is afforded only by the more extreme 
mutations and by some few of slight degree but definite character. 
Accordingly, there has been scant mention of the many ‘shght^ 
mutations in our accounts, which have dealt in the main with 
problems in which such characters were of no use as working 
tools. Likewise, when these mutations are found, they incite 
httle desire to work out the facts concerning their inheritance, 
chromosome, locus, interactions, etc. However, enough of them 
have been investigated thoroughly for us to be certain thaf no 
departure from normal Mendelian inheritance is involved. Ac- 
counts of some of these ‘poor^ characters have appeared in Car- 
negie Publication no. 237, which deals with mutants whose locus 
is in the first or X chromosome. Thus, for example, dot, bow, 
depressed, green, chrome, and facet may all be fairly described 
as of ‘slight^ somatic effect. Accounts of many others will ap- 
pear in the pubUcations deahng with the second, third, and 
fourth groups. Even a larger number will be treated in a section 
on miscellaneous mutations, while scores will never be referred 
to at all. 
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It seems probable that the bulk of the mutations that have 
been permanent contributions to evolution ha\e Ix^on tlios<^ of 
slight somatic change. A113’' organism a^ it now exists must bo 
regarded as a very complex physicochemical macliine with ih'li- 
cate adjustments of part to part. Any liaphazard chang(‘ made 
in this mechanism would almost , certainly result in a diMTca'si' 
of efficiency. The greater the extent of the change tlie more 
certain the injury, not simply that the particular part is injured 
more, but also that a disproportionately greater number of ad- 
justments (morphogenetic, physiological, and ecological) are 
disturbed or destroyed. Only an extremely small proportion 
of mutations may be expected to improve a part or thiunter- 
relation of parts- in such a way that the fitness of the whole 
organism for its available environments is increased. Thus, 
that length of trunk which is most advantageous for elephants 
in a given environment might be attained by a single mutation; 
but in this case it is likely that the trunk w^ould be out of balance 
with the other structures (physiologically or otherwise) so that 
all the individuals possessing this feature might bec-omc extinct 
before the appearance of changes in these other parts that would 
make the trunk a real success. On the other hand, a mutation 
which made only a slight change in the favorable direction would 
require less extensive supporting changes in the related structures, 
besides which it might be of immediate advantage. 
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EVIDENCE THAT GERM CELLS ARE SUBJECT TO 
SELECTION ON THE BASIS OF THEIR GENETIC 
POTENTIALITIES 

C. H. DANFORTH 

Departmmt of Anatomy, Washington University School of Medicine 
INTRODUCTION 

A great deal of evidence goes to show that iiulividual dif- 
ferences among adult animals are commonly due to dilTcirences 
in the germ cells from which the animals have developed. In 
other words, peculiarities in the adult are, in general, indications 
of peculiarities in the germplasm. It would seem to follow as 
an obvious corollary of this that the germ cells of a species must 
be of almost as many classes as are the adult individuals. This 
being the case, it is perhaps not unreasonable to expect that 
germ cells should differ more or less widely in their responses 
to varying conditions and in their ability to function in the 
production of zygotes. If such an assumption is shown to be 
justified, it might be invoked to explain several obs(!uro evolu- 
tionary tendencies, as well as certain constant departures from 
normal Mendelian expectations. 

As a first step in determining whether or not germ cells carry- 
ing factors for a given unit character differ in their physiological 
responses from germ cells carrying factors for an allelomorph 
of that character, it seems desirable to work with the sperm 
or eggs of a heterozygous animal in Avhich the normal proportion 
of each class of germ cells produced has already been determined. 
With such an animal all the germ cells arc presumably subjected 
to the same influences, except as those influenced are varied by 
the experimenter, and consequently a much better control is 
possible than could be had by comparing results from different 
homozygous individuals. 
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The choice of a method of procedure presents a number of 
difficulties. Attenipts to bring special influences to bear on 
cells within the living body are attended by many uncertainties 
and, on the other hand, the treatment of suitable germ cells 
outside the body in most cases requires the development of a 
special and difficult technique. The desideratum would seem 
to be the possession of a meaJfe of administering definite amounts 
of reagents to the germ cells without otherwise disturbing their 
normal environment. Despite the fact that it does not lend 
itself readily to quantitative investigations, the inhalation method 
devised by Stockard seems to be the most satisfactory thus 
far employed. A considerable number of reagents are suitable 
for use by this method, but ethyl alcohol is the one that has 
been most completely tested (Stockard, ^13; Cole and Davis, T4; 
Stockard and Papanicolaou, ’16; Nice, ’17; Pearl, ’170- For 
these reasons ethyl alcohol administered by the inhalation 
method was employed in the experiments reported in this 
paper. 

Pearl (’17) has interpreted results obtained by himself and 
others as indicating that inhaled alcohol affects germ cells dif- 
ferently according to their vitality, destroying some, injur- 
ing some permanently, and producing no more than a tran- 
sient effect on others. In the case of the fowl, he believes that 
practically maximum treatment with alcohol and certain other 
vapors results in an elimination of weaker germs with a con- 
sequent rise in the average vigor of the chicks actually pro- 
duced. In other words, treating the parent with alcohol vapor 
results in a selection of germs in favor of those which produce 
the most vigorous young. It was not shown in his experiments 
that any characteristics other than those dependent on general 
vigor were affected by the treatment, the Mendelian ratios for 
the few characters involved being essentially the same in both 
experiment and control. 

At the time when Pearl’s papers appeared the writer was just 
concluding a breeding experiment with poultry in which several 

^ An extended list of titles relating to the whole subject may be found in the 
paper by Pearl, ’17. 
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Mendelian characters were being investigated. Since some of 
these characters were not represented in Peai-rs material, and 
the writer was at the time casting about for a method to test 
for germ-cell selection, it seemed worth while to continue hnaal- 
ing* from the same birds with former conditions niaint ainod 
except for the introduction of alcohol treatment. Tlu‘ work 
was planned in no sense as a rei^t ition of rcarFs e\]>erimeiits, 
but rather as an attempt to extend nis methods to a few (‘haracters 
not known to be directly dependent upon inherent vitality. 
The writer takes this opportunity of acknowledging his in- 
debtedness to the valuable and suggestive jiaper mentioned 
above. 

The first experiment, 1, was made in the spring of 1917 with 
results that seemed to point to a selective action of the alcohol 
vapor. The matter is one of such importance, however, tliat 
a repetition of the work seemed desirable before publication 
of the data. Consequently three further expiui merits, 2, 3, 
and 4, were carried out in the spring of 1918. As will appear 
belo'w, the results obtained in the latter work proved to be 
essentially consistent with the finding.^ in the first experiment, 
which fact seems to justify their publication. 

GENERAL NATURE OF THE EXPERIMILNT.S 

In each experiment a cross was made between nonmil, pure- 
bred stock on the one hand and hybrid, heterozygous l>irds on 
the other. The hybrid individuals were subj('cted for certain 
periods to two daily treatments with alcohol vapoi', during which 
time as far as possible all eggs laid were incubated (table 2). 
Since the original purpose of the wmrk was to test the possi- 
bility of selecting germ cells rather than of modifying them 
through influences brought to bear on the soma, each experi- 
ment is brief and intensive. 

A control was obtained in each case by saving the eggs from 
the same flock, kept under as nearly identical conditions as 
possible, during a period before or after the alcohol experiment. 
All eggs that did not hatch were opened and the character of 
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the contents recorded. Since the eggs were candled frequently 
many embryos wer^ obtained only a few days after death and 
consequently in a good state of preservation. Very few of 
the dead embryos were found to be too macerated to afford the 
desired data. Some living embryos were purposely taken. 
For the sake of brevity, data obtained from eggs laid during 
the periods of alcohol treatment will be referred to as A, those 
from eggs laid in the control periods as C. Each experiment, 
therefore, has an A and a C subdivision. In experiments 1, 2, 
and 3 the heterozygous individuals were males^ in 4 they were 
females. 

The characteristics tested for their possible response to al- 
cohol vapor were brachydactyly, polydactyly, and color. The 
presence or absence of booting (feathers on the tarsi) and the 
apparent form of the comb were also recorded, but the former 
has been found to be only another manifestation of the factor 
which produces brachydactyly, while chicks that have been 
allowed to develop have shown that comb form cannot, in the 
material used, be accurately determined in embryos and young 
specimens. Sex was not recorded. The nature of the pe- 
culiarities under investigation may be briefly indicated. 

Brachydactyly is a condition described by Danforth ('19) 
which manifests itself in a more or less pronounced shorten- 
ing of digit iV of the foot. This shortening involves the length, 
and in extreme cases the number, of bones in the digit. Nearly 
all brachydactyl birds are booted, but there is a small percent- 
age that has unfeathered tarsi. Conversely, there is an occa- 
sional individual with feather tarsi which is not brachydactyl. 
Breeding experiments have seemed to establish the fact that 
these conditions are interchangeable from the point of view of 
heredity or, in other words, that they merely represent different 
expressions of one and the same underlying cause. Conse- 
quently, a single term may be used to cover all of these phae- 
notypic manifestations, although it must be borne in mind that 
in a certain, small number of cases the word ‘brachy dactyl' 
used in this sense is not strictly literal. Brachydactyly may 
be recognized after about the tenth day of incubation. The 



EVIDENCE OF GERM CELL SELECTION 

index of brachydactyly* was computed for all chicks that hatched 
and each boote^ individual was assigned to one of three grades 
based on the number of feathers present on the shanks and 
toes. 

Polydactyly, a well-known condition, seems to be the final 
manifestation of an early disturbance in the developing rudi- 
ment of digit I of the foot. The character is iiuite variable, 
ranging, in the present material, from a single enlarged hallux 
to a condition in which the hallux is replaced by two digits with 
even the occasional indication of a third. The cases may be 
arbitrarily grouped into three grades, dependent upon the 
degree to which the peculiarity manifests itself. Rarely poly- 
dactyly was found to extend to the wings. The term as here 
used is a misnomer to the extent that a certain number of in- 
dividuals which clearly manifest the fundamental character 
in question really have only the normal number of toes. Poly- 
dactyly can be recognized with certainty and probably in all 
cases after about the seventh day of incubation. 

Color in the present paper refers to only two grades, ‘black* 
and ‘white*. While the pure-bred birds used were either clear 
snowy white (Leghorns) or uniform glossy black (Minorcas), 
a large percentage of the young of mixed ancestry showed some 
color indication of their hybrid origin. This was particularly 
true of the white chicks, many of which had one or more small 
spots of black down. By ‘white* may be uruliTstood pure 
white down or feathers or white plumage witli only a little 
black pigment in the form of a few dark spots. ‘Black* covers 
all other shades, even though some individuals classified as 
black subsequently turned out to be barred or mottled. From 
the twelfth day of incubation (or even earlier) every chick 
could be put unhesitatingly in one or the other of these categories. 

^ The index of brachydactyly is an arbitrary value obtained by dividing the 
sum of the lengths of the two fourth toes by the sum of the lengths of the two 
second toes. With brachydactyl chicks this gives a value equal to 1 or less, 
while with normal chicks the value obtained is more than 1. The division is 
carried to the second decimal place and the quotient then multiplied by 100 
to eliminate fractions. 



METHOD OF GIVING THE ALCOHOL TREATMENT 


Alcohol was admini^ered by the inhalation^method devised 
by Stockard ('13) in his work with guinea-pigs and subsequently 
employed by Pearl (17) in the experiments with poultry. Pearl's 
technique was followed in its essentials, except that owing to 
the conditions of the experiments it was possible to use a some- 
what simpler inhalation chamber. For experiments 1, 2 and 3 
a glazed earthenware crock 20 inches high and 15 inches in 
diameter, with a measured capacity of 1.98 cubic feet, or about 
56 liters, was fitted with a tight cover and a galvanized-iron 
false bottom. The false bottom was perforated by seventy- 
three |-inch round holes and raised on legs 234 inches high. 
The cover was made of thick matched boards subsequently 
soaked in paraffin and padded along the surface of contact 
with the crock. A window 8 inches square was cut out of the 
center and covered" by a piece of glass set in paraffin. When a 
treatment w^as to be given, the false bottom was tipped on edge 
and pieces of cotton soaked in 95 per cent ethyl alcohol were 
placed in the crock. A little additional alcohol was poured in, 
the false bottom replaced and the cover fitted over the top. At 
the end of from fifteen to twenty minutes, when the atmosphere 
was found to be saturated with alcohol vapor, the bird was 
quickly placed inside on the false bottom, the cover being 
raised as little, and for as short a time, as possible. Although 
frequent tests failed to reveal any odor of alcohol on the out- 
side, the whole chamber was generally covered by heavy cloths 
except when observations were being made through the window. 
Between each two treatments the crock was cleaned and aired. 

From 60 cc. to 70 cc. of 95 per cent alcohol were used for 
each treatment. The amount that vaporized was roughly 
determined in the following manner. Fresh cotton was soaked 
in alcohol and then squeezed as dry as possible; 66 cc. of alcohol 
were then poured over the cotton and on the bottom of the 
crock. At the end of an hour and thirty minutes, during which 
time a treatment was given, the alcohol on the bottom was 
sopped up and the pieces of cotton squeezed as dry as before. 
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In this way it was possible to recover 42 ec., leaving a balance 
of 24 cc., as the approximate amount that had evaporated. 
The absolute alcohol vaporized into the tank therefoni prob- 
ably ranged between 20 cc., and 25 cc. for treatments last- 
ing about an hour. There was always a rise in teini^erature 
amounting to about 3.5®C. during an hour treatment (e.g., on 
May 21^ from 26^ to 29.5^), and this of course facilitated eva[)ora- 
tion of the alcohol. Tlie treatments were usually bc^un about 
9 A.M. and 5 p.m. Their duration varied considerably, jus will 
be noted below. 

With the hens used in experiment 4 a slightly dilh'rent con- 
tainer was employed for administering the alcohol. Enameled 
specimen jars about 15 inches square and approximately 12 inches 
high, with close-fitting covers, were found to have a capacity 
of 1.6 cubic feet. These jars were used as inluilation chambers, 
and one or two hens placed in each after an excess of alcohol 
had been allowed to evaporate in thorn for fi’om twenty to 
thirty minutes. 

REACTIONS OF THE ArX'OHOLlZI'HJ FOWLS 

The degree of alcoholization obtained is perhaps best indi- 
cated by the observed responses of the birds to this treatment. 
While a certain amount of resistance or accommodation was 
acquired as the treatment progressed, it was apparent that the 
males were throughout less affected than were the females. Llu’i 
alcohol absorbed on each occasion was suflicient to cause at 
least a mild degree of intoxication. Since the reactions wen) 
very constant, the details of a single treatment may l)o given 
as illustrative of the typical behavior of one of the males fol- 
lowing the inhalation of alcohol \'apor. 

On May 29, 1917, the inhalation charnbor was prepared as usual 
and male no. 8 treated from 10 .vm. to 11.15 a.m. During tin) whole 
time he sat on the false bottom turning his head only when disturbed 
by objects seen through the window. When undistiirbed the front of 
the head rested against the side of the jar. The nictitating membranes 
passed over the eyes at the rate of thirty times per minute. Notes 
on respiration were made as follows : 
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Time 

Rale 

lUmarks 

10.15 

40 per minute 

Shallow. 

10.25 

25 per*minute 

Deeper. 

10.50 

22 per minute 

Deep, regular. 

11.15 

22 per minute 

Deep, but irregular. 


At the end of the treatment the bird was breathing noisily and with 
difficulty. The mouth was open. 

11.15. Removed from the tank. Quite passive. Did not struggle. 

11.17. .Returned to the breeding pen. Stepped very high, but 
not unsteadily. Showed indications of hyperexcitability. Shied at 
a feather and jumped out of the way of a chick that approached 
from behind. The labored breathing improved rapidly, 

11.20. Picked up pieces of grass and called hens. Very gallant. 

11.22. Crowed repeatedly but abnormally. 

11.25. Ate heartily when the flock was fed. 

This behavior was quite characteristic of the males follow- 
ing both morning and afternoon treatments. The ability to 
crow was always affected. Occasionally one was unsteady 
on his feet and they frequently misjudged distances in attempt- 
ing to jump or fly. Repeated rubbing of the eyes on the back 
was characteristic, but despite the severity of the treatment," 
no whitening of the conjunctiva was noted. 

As a control for the above-described behavior, on the after- 
noon of the same day the inhalation chamber was again thor- 
oughly cleaned and aired and the same male treated exactly as 
before except that no alcohol was used. He was kept in the 
chamber from 3.10 to 3.45 p.m. During the first half of this 
period he sat quietly on the bottom of the container, but during 
the latter half he stood, possibly owing to the gradual exhaustion 
of oxygen. Respiration fell from 42 to 30 per minute. The 
moment the cover was removed from the tank he made violent 
attempts to escape, struggling and squawking. (Nothing of this 
sort ever happened following an actual treatment.) Returned 
to the breeding pen he displayed none of the customary excit- 
ability, high-stepping and gallantry towards the hens. After 
a regular alcohol treatment given an hour later he again showed 
the usual reactions indicative of intoxication. 

It will be seen from the foregoing that the immediate phys- 
iological effect of the alcohol upon the males, while unmis- 
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ts>kd>bl6, was nGvcrthelcss rcniarkiibly slight ooiisuicniig tlic 
strength of the treatment. It should be noted \n passing that 
there is the possibility of a mild degree of aspliyxiatioip hut 
this probably is of no importance in the present connection. 

The five hens used in experiment 4 were alTected much more 
severely. They were commonly complete!}'' overcome and 
entirely unable to stand for several minutes after being released 
from the inhalation chamber. Staggering, \vhich was rarely 
noticeable in the males, was of regular ^ occurrenc(i with tliese 
females. Despite precautions taken to the conti'ary, all but 
one of them ultimately died from the effects of the treatment. 
The one remaining individual developed, or had inherently, a 
considerable power of resistance. 

Aside from the immediate but transient effects of the alcohol, 
nothing was noted except a slight loss in weight. For example, in 
the fifty-seven days from February 9 to April 7 no. 28 (treated), 
with an initial weight of 1803 grams lost 133 grams, while in 
the next fifty-seven- days no. 28 (untreated) gained 160 grams, 
and no. 27 (treated) fell from 1825 grams to 1695 grams, a loss 
of 130 grams. 


DESCRIPTION OF THE EXPERIMENTS 

The method of administering the alcohol and the general 
character of the obvious physiological responses have already 
been indicated. It remains only to outline the special features of 
the individual experiments, of which a condensed summary is given 
in tables 1 and 2. The control period preceded the period of 
treatment in experiments 1, 2 and 4, but in experiment 3 this 
relation was reversed. The surroundings and care of all the 
flocks during both A and C periods were made as constant as pos- 
sible. Eggs were put in the incubator in all cases, except 1-C, 
twice weekly and on definite days, so that no egg had been laid 
more than four days when incubation commenced. 

Experiment L (February 15, 1917 to June 2, 1917). The l^tero- 
zygous parent (male no. 8) was raised at the laboratory from^ 
mongrel ancestors. His mother (no. 6), was a monster of the 
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Pygopagus parasiticus type; which; however; produced only 
normal young. She was a small hen with a rose comb and the 
plumage of a barred Plymouth Rock. She was not brachy- 
dactyl, polydactyl, nor booted. The father (no. 5) was white 
with a pea comb and unusually heavy feathering on the neck, 
suggesting Asiatic blood. He was of moderate size, polydactyl, 
and booted. This is all that can be said of the ancestry of no. 8, 
the individual which supplied the traits studied in this paper, 
but the nature of the. experiments is such that a more com- 
plete pedigree would be of little additional value. Male no. 8, 
was hatched in 1914. His coloring was approximately that 
of a .barred Plymouth Rock, but with the breast somewhat 
spotted and with more or less white in the hackle, saddle feathers, 

TABLE 1 


* Comparative etatement oj the eonditions of each experiment 


EXPERIMSNT 

NUMBER 

1 

DURATION IN BATS ' 

DAILY DOSAGE (PART a) 

Part A 

Part C 

Maximum 

Minimum 

Average 

1 

36 

63 

2 h. 25 m. 

Ih. 30 m. 

1 h. 45 m. 

2 

65 

34 

2h. 37 m. 

2 h. 0 m.^i 

2h. 13 m, 

3 1 

58 i 

63 

4 h. 0 m. 

2 h. 0 m. 

2h. 27m. 

4 

43 j 

» 64 

2 h. 42 m. 

1 h. 8 m. 

2 b. 5 m. 


^ This is exclusive of one day when, in the absence of the writer, only a single 
alcohol treatment was given. 


and tail. His comb was large and corrugated, intermediate 
between rose and walnut. He was polydaotyl, grade 1 (left 
foot only); booted, grade 2, and with a brachdactyly index of 
88. In view both of his ancestry and his descendants, it is 
clearly apparent that this bird was heterozygous for brachy- 
dactyly and for polydactyly. 

The homozygous parents were thirteen pure bred white Leg- 
horn hens of a standard strain. There can be little doubt as 
to the purity of this stock, especially as regards the characters 
under investigation. 

In this experiment it was to be expected that the germ cells 
produced by the females would all be of the same class, while 
tnose produced by the male would fall into several classes 
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depending on whether or not they contained determiners for 
brachydactyly, polydactyly, or both. Such a situation supplies 
the necessary conditions for a test of gertninal selection. Since 
Leghorn white is dominant, and all germ cells of the females 
necessarily carried determiners for this trait, no critical data 
bearing on color selection were to have been expected from this 
experiment. 


TABLE 2 

Geiieral summary of data from the four experiments 


KXPSRIMXNT 

XGOS 

EM BUT 08 

(’UKKa 

Number 

Part 

Number 

laid 

Incubated 

Non- 

fertile 

Killed R9 
embryoa 

Died in 
the shell 

Niimlipr 

hatched 

1 / 

A 

^ 150 

150 

5 

39 

51 

.55 » 

' 1 

C 

i 362 

300 

341 

108 

72 

86 

2 / 

A 

191 

180 

2 

11 

153 

14 


C 

106 

m 

1 

19 

09 

15 


A 

151 , 

150 

35 

14 

60 

41 

' \ 

C 

166 

155 

49 

12 

00 

34 

4 / 

A 

39 1 

39 I 

0 

6 

13 

20 

' 1 

C 

161 

150 

2 

45 , 

70 

27 

Totals: A and C f 

A 

531 

519 

42 

70 

277 

130 

separately \ 

C 

785 

709 

86> 

184 

277 

162 

Totals: A and C\ 
added J 

A-}- C 

1316 

1228 

; 128' 

254 

554 

292 


^ As explained in the text, this figure is probably too large, owing to the method 
of recording in 1-C. 


C. The control part of the experiment, running from February 
15 to April 18, was not originally intended for this purpose, but 
rather to supply data for the study of the normal heredity and 
embryology of several traits, including those considered here. 
Consequently some of the data, especially those relative to fertil- 
ity, were not entered in strict accordance with the form adopted 
in the other experiments. However, this set of data is easily 
comparable with the other sets and, except for fertility, un- 
doubtedly furnishes a reliable control. Of the 362 eggs laiu 
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only 300 were incubated. The 62 unused eggs were discarded 
from time to time in small numbers whenever the capacity of 
the incubator was exceeded, the incubator always being filled 
from the most recently laid eggs. This method leaves no room 
for unconscious selection as to size, shape, etc. 

A. The alcohol treatment began on April 27 and continued 
until June 1. Beginning May 1, there were two daily treat- 
ments averaging a little over an hour in the morning and half 
an hour in the afternoon. In this period of thirty-six days 
male no. 8 was kept in the alcohol vapor a total of 63 hours 
and 11 minutes (table 1). 

Eggs were saved from May 3 to June 2. One hundred and 
fifty were laid, all of which were used (table 2). 

Experiment 2» (March 6, 1918, to June 19, 1918). The 
heterozygous parent in this case was a male (no. 27) hatched 
in March, 1917, from an egg used in experiment 1-C. He had 
the general bearing and many of the characteristics of a Leg- 
horn. His color was white, his comb large and walnut-rose. 
He was polydactyl, grade 3; booted, grade 2, and had an index 
of brachydactyly equal to 75. It will be apparent by reference 
to experiment 1 thats this bird was heterozygous for the three 
dominant characteristics with which we are concerned, i.e., 
brachydactyly (including booting), polydactyly, and white 
color. 

The homozygous parents were six single-combed black Mi- 
norca hens purchased from a local dealer who gave assurance 
that they were pure bred and of a stable strain. Their somatic 
appearance as well as their racial purity showed them to be 
homozygous for the absence of the three above-mentioned 
traits, or, in other words, they exhibited the corresponding 
recessive characters, normal length of toes, normal number 
of toes, and black color. 

In this experiment, therefore, all the germ cells produced by 
the females were necessarily of one class, that tending to give 
black chicks with normal number and length of toes, whereas 
^he germ cells of the male were expected to fall into eight classes, 
v\z,: 
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Those tending to produce chicks that were 

1. Brachydactyl, polydactyi, whiW- 

2. Brachydacty], polydactyi, black. * 

3. Brachydactyl, not polydactyl, white. 

4. Brachydactyl, not polydactyl, black. 

5. Not brachydactyl, polydactyi, Mhite. 

6. Not brachydactyl, polydactyi, black. 

7. Not brachydactyl, not polydactyi, white. 

8. Not brachydactyl, not polydactyi, black. 

It will be apparent that by the inspection of any chick it could 
be determined at once to which of these eight classes the sperm 
cell involved in its production had belonged. 

C. The hens began laying on March 6 and eggs were saved 
for the control experiment from that date to April 8, during 
which period 100 eggs were produced (table 2). Two of these 
were accidentally cracked and therefore discarded. One, 
laid April 3, was non-fertile. 

A. The period of alcohol treatment followed immediately 
upon the control period. The first treatments, of 1 hour and 
2 minutes and 1 hour and 4 minutes, were given on A])ril 8, 
and the final treatment on June 11. This bird was kept in the, 
inhalation chamber for two periods of at least an hour each 
every day except May 5, when in the absence of the writer an 
attendant misunderstanding directions gave only a single one- 
hour treatment. In the period of sixty-five days no. 27 was 
kept in the alcohol vapor for a total of 143 hours and oh minutes. 
He showed the usual responses: hyperexcitability, occasional 
weakness in the legs, and crowing ability invariably impair(id 
for many minutes. He was removed from the breeding p(m 
on June 12. 

Eggs were saved from April 9 to June 19. During this period 
191 were laid, of which eleven, unfortunately, wore lost through 
breakage or otherwise (table 2). The two recorded as nori- 
fertile were laid on April 21 and June 14, re.spcctivcly. 

Experiment 3, (February 9, 1918, to June 12, 1918). the 
heterozygous parent (no. 28) hatched in June, 1917, fnjm an 
egg used in experiment 1-A. He was very similar to male iio.^ 
27 described above; in fact, these two males were selected 
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because they were more nearly alike than any other two raised 
in the 1917 flock. They were at least half-brothers, possibly 
full-brothers. It may Ibe noted in passing that no. 27 was pro- 
duced before the father had been alcoholized, no. 28 after the 
alcohol treatment had begun. No. 28 was white with a large 
walnut-rose comb. He was polydactyl, grade 3+, showing 
a trace of a sixth toe on the left foot; booted, grade 2, and with 
an index of brachydactyly equal to 70. It may be observed 
that brachydactyly and polydactyly were more pronounced 
in this specimen than in any of the other individuals used in 
the four experiments. 

The homozygous parents were six black Minorca hens similar 
to those used in experiment 2 and from the same source. In 
so far as the stock was concerned, the material for experiments 
2 and 3 was as nearly identical as it was possible to make it. 
The two“ flocks were kept in the same room separated from each 
other only by a wire partition from floor to ceiling. 

A. Alcohol treatment of no. 28 began on February 9 with 
two one-hour periods and continued till April 7. The length of 
^ the treatments gradually, but rather irregularly, increased till 
on yVpril 7 two periods of two hours each were administered. 
Throughout the whole time this bird was much more severely 
affected than either of the other males, even when the treat- 
ments were of the same intensity. 'Weak’, 'aimless/ ‘walked 
in circles,’ etc., are among the notations. As another indication 
of the somewhat different reaction of this bird it may be men- 
tioned that no. 8, no. 27, and the alcohohzed hens showed a 
tendency not to defecate during the treatments, at least after 
the first fews days. This was not the case with no. 27. No. 8 
defecated only once during the whole period and no. 27 only 
three times, while no. 28 defecated thirty-six times. During 
i period of fifty-eight days he was kept in the alcohol vapor 
For a total, of 141 hours and 32 minutes (table 1). 

The hens began laying February 19, and eggs were saved 
From that date till April 8, during which time 151 were produced. 
Df these, one laid February 26 was cracked, the other 150 were 
incubated -(table 2), 
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C. The control period followed inimediatoly, extiMulinfi; from 
April 9 to June 12, during which time KHl eggs w ere laiJ, ch*ven 
of which were lost for purposes of the expeihnent. 'riie data 
relative to the remaining 155 are given in tal)le 2. 

Experiment (February 20, 1918, to June 12, The 

heterozygous parents were five hens (nos. 21, 22, 23, 24, and 2()) 
from the 1917 chicks, and sisters or half-sisters of males nos. 
27 and 28. Unfortunately, they were not imifoi-m in type. 
All were white and all wore brachydactyl and bootiul, but they 
varied in comb form and in polydactyly. Nos. 21, 24, and 29 
were derived from 1-C, nos. 22 and 23 from [-A. Nos. 23 and 
24 were polydactyl, the others were not. Thu average index 
of brachydactyly was 91. 

The homozygous parent was an exceptionally (ine black 
Minorca cockerel from the same sourci' as th<^ hens used in 
experiments 2 and 3. 

Experiment 4 is a reciprocal of experiments 2 and 3. In 
this case the male produced only one class of germ cells, while 
the poly dactyl females should have produced the (‘ight classes 
mentioned above and the non-polydactyl hens the classes 
numbered 3, 4, 7, and 8. Since individual records were not 
kept, this experiment yields critical data for only brachydactyly 
and color. 

C. For the control, eggs were saved from February 20 to 
April 24; 151 were laid, of which 150 were incubated (table 2). 

A. Alcohol treatment administered as described in an ear- 
lier paragraph was begun on April 27. It was planned to give 
about three hours a day, but this proved to be more than the 
hens could stand, and individual treatments were frcc^uently 
cut down to less than an hour. May 5, by an error, only one treat- 
ment was given and on May 31, the morning treatment having 
been later than usual, it was not thought safe to risk an after- 
noon treatment. May 7, no. 24, which had recently laid, di(?d 
immediately after being removed from the inhalation chamber. 
May 22, no. 22, died in the chamber, and a few days later no. 
26 was overcome beyond recovery. Finally, on June S, no. 
23, which had been saved with difficulty on two previous 
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occasions, was lost. With only one hen left, the experiment 
was discontinued after the morning treatment of that day. 
Eggs were saved till June 12, the last four being laid by the 
sole survivor, no. 21. 

Of the six hens originally intended for this work one (no. 
25) died February 20 at the beginning of the control experi- 
ment and four others were lost as a result of alcohol treatment. 
While an adequate number of eggs had been secured for C, 
there were, owing to these accidents, only thirty-nine available 
for A (table 2). These were all incubated and yielded enough 
data to justify the inclusion of this, the least satisfactory of 
the four experiments. 

‘results of the experiments 

In the fourth column of table 2 is shown the number of eggs 
incubated in each subdivision of the experiments. In the fol- 
lowing columns the results from these eggs are indicated. Num- 
bers in the fifth column, headed ‘non-fertile,’ refer to eggs in 
which no development whatever took place. At the end of 
three weeks of incubation such eggs were clear and full with a 
firm yolk; indeed on being broken they presented a more 
attractive appearance than the average 'store^ egg. Only 
such eggs were counted as non-fertile, except in the case of 
l-(> where the data were originally secured for another pur- 
pose. Here, in a column headed 'infertile or dying during the 
first few hours,’ were entered data that did not differentiate 
betweeen early death and actual infertility. The other figures 
in this column, those for 1-A and for 2, 3, and 4, are believed 
to be strictly accurate. 

The sixth column indicating embryos killed needs a word 
of explanation. The capacity of the incubators was not at all 
times adequate to care for the available eggs. In consequence, 
since the necessary data can be secured as readily from a fifteen- 
day embryo as from a hatched chick, many eggs were opened 
between the fifteenth and twenty-first days. A few additional 
embryos were taken in earlier stages. 
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The next column, 'died in the shell,’ shows the number of 
embryos that failed to hatch. This included embryos of from 
the first to the twenty-first day, but a considerable nuniber of 
them represent late stages, many having pipped without be- 
ing able to escape from the shell. Since fresh eggs were put in 
one or the other of the incubators every day, the temperature 
could not be varied to meet the requirements of embryos in 
late stages, and in consequence many chicks which were doubt- 
less originally strong did not hatch. It will be appreciated 
that the purpose of these experiments was not ju'imarily to 
produce viable chicks nor to test the vitality of eggs, i)ut rather 
to test the transmission of certain traits. To that end the main 
effort was concentrated on bringing as many embryos as possible 
to a stage where their peculiarities could be determined, the 
number that actually hatched (last column) being a mere 
incident. 

As indicated in table 2, a total of 1228 eggs were used, of 
which 1100 proved fertile. From these 1100 fertile eggs there 
were obtained in the manner just explained 808 embryos aiid 
292 chicks. One hundred and ninety-four of the embryos 
died before the end of the seventh day and were therefore use- 
less for present purposes. This leaves 900 embryos and chicks 
which yielded data of value. For all of these the presence or 
absence of polydactyly was recorded. Eight hundred and 
thirty-three of them reached at least the tenth day and fur- 
nished data on brachydactyly. Finally, 721 developed suf- 
ficient down so that their color could be determined. Ihe 
distribution of these traits in the subdivisions of the several 
experiments is set forth in table 3.® 

Table 3 summarizes all the pertinent data and falls for only 
a brief explanation. It will be understood that the sum of the 


‘ It seems unnecessary to extend this paper by the inclusion of the detailed 
protocols which would fill a number of page.s. Data for eggs laid each day were 
recorded as well as the date and (known or estimated) ago of every embryo that 
failed to hatch. For the chicks that did hatch the measurement., ot each oe 
were recorded, the index of brachydactyly determined and the grades of polj- 
lactyly and booting estimated. The data will gladly bo put at the disposal 
of anyone who may wish to make use of thein. 
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numbers under ‘polydactyly present^ and 'polydactyly not 
present’ is 'always greater than the sum of the numbers under 
‘brachydactyly present’ and ‘brachydactyly not present’ in 
the same series because of the fact that polydactyly can be 
determined at an earlier age than brachydactyly, and in all 
cases some embryos have died between the two critical stages. 
In like manner, color cannot be determined till a still later 
period, and in consequence the numbers under this caption 
are still further reduced. 

TABLE 3 


Distribution of ckaracteristics in en^ryos and chicks 


EXPERIMENT 

BRACHTDACTTLT 

POnTDACTTLT 

COLOR 

Number 

p- 

Part 

Present 

Not 

present 

Present 

Not 

; present 

White 

Black 

, / 

A 

56 

64 

37 

89 

88 

0 

* 1 

C 

69 

107 

73 

147 

129 

0 

2 1 

A 

62 

68 

48 

79 

55 

55 

' 1 

I C 

26 

48 

30 

47 

38 

35 


A 

62 

45 

52 

48 

53 

37 

' 1 

C 

38 

51 

37 

53 

48 

37 

4 / 

A ' 

18 

14 

(2) 

(31) i 

12 

16 

* 1 

C 

48 

77 

(28) ; 

(105) ^ 

63 

5.5 

Totals: A and C / 

A 

178 

191 

139 ■ 

247 

120^ 

108 

separately \ 

C 

181 

283 

168 

352 

149' 

127 

Totals: A and Cl 
added / 

A-hC 

359 

474 

307 

599 

269' 1 

235 


^ These totals are exclupive of the figures from 1-A and 1-C. 


Since in experiment 4 some of the hens used were not heter- 
ozygous for polydactyly, the data entered under that head are 
not comparable to the corresponding data from the other ex- 
periments. They are included here, but in brackets. 

In table 4 the data presented in table 3 are converted into 
such a form as to enable more ready comparison between differ- 
ent parts of the experiments. There is some question as to how 
this could best be done, but the following method was adopted. 
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First, as to brachydactyly: it was found that upon adding ali 
the conft-ol data together there were 4Q4 individuals of which 
39 per cent were brachydactyl. Since this is about the fre- 
quency of booting in comparable crosses recorded in the litera- 
ture, it is assumed that 39 per cent represents tlu* normal in- 
cidence of brachydactyly under conditions such as obtain in 
the control experiments. Next the total number of cases in 
each group is found and the probable error calculated on the 
assumption that 39 per cent represents the true incidence. This 
gives the* fourth column in the table— headed Trachydactyl 

TABLE 4 


Percentage distribution of characterist ics. Compare table 5 


EXFIRUISNT 

BBACHYI>ACTT1 

POLTDACTTL 

white 

Number 

Partj 

Observed 

Expected 

Observed 

Expected 

Observed i 

Eipecbni 

' {; 

A 

46.7^3.1 

39*3,0 i 

29,4*2.7 

36*2.9 I 

100 

100 

c i 

39.2±2.6 

39*2.5 j 

1 33.2*2.1 

36*2.2 : 

100 

100 

2 ! 

1 

A , 

43.3=t3.1 

39*3.0 

1 37.9*2.9 

36*2.9 

50.0*3.2 

50*3.2 

' 1 

C 

^ 35.1=t3.7 

39*3.8 

I 

39.0*3.7 

36*3.7 

52.1*4.0 

! .50*3.9 

1 


A 

I 53.6=t3.4 

1 39*3.3 

52.0*3.4 

36*3.3 

' 59.9*3.5 

1 50*3.5 

^ 1 

C 

, 42.7=t3.5 

j 39*3/5 

40.1*3,5 

36*3.4 

56.5*3.6 

50*3.7 


A 

56.3=t5.9 

: 39*5.7 



42.8*6.3 

! 50*6.4 

* \ 

C 

! 38.4*2.0 

1 39*2.9 



53.4*3.1 

' 50*3.0 

Totals 1 

A 

48.2*1.8 

' 39*1.7 

36.0*1.7 

1 36*1.7 

52.7*2.2 

50*2.2 

C 

1 39.0*1.5 

! 39*1.5 

36.0*1.6, 

1 

1 36*1.6 

53.9*2.0 

i 50*2.1 


expected.’ The values in the third column represent the per- 
centages actually observed in each case with the probable (errors 
calculated for the respective percentages and magnitudes. Thus 
in 1-A, for example, the chances, as it is generally expressed, 
are even that in a random sample of this magnitude the per- 
centage of brachydactyly would fall between 36 and 42 (39 ±3). 
The observed percentage is 46.7 with a probable error of 3.1, 
giving a range of from 43.6 to 49.8. In other words, in the 
hypothetical case the chances are 7.5 : 2.5 that the value would 
fall below 42, while in the actual case observed the chances are 
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the same that the true value (to be obtained from an infinite 
number of chicks prpduced under identical circuifistances) 
would fall above 43. This may be taken to mean that the 
chances against the observed discrepancy being simply a chance 
occurrence are more than 16 : 1. In 1-C on the other hand 
the correspondence between observed and expected results 
is extremely close. 

Polydactyly and color are treated in the same manner as 
brachydactyly, it being assumed on the basis of the controls 
that the .normal incidence of polydactyly is 36 per cent, and on 
the basis of genetic literature that the incidence of white color 
should be 50 per cent. 


DISCUSSION 

In the foregoing sections the purpose and conditions of the 
experiments have been set forth and the data that they yielded 
have been presented. We may now examine these data and 
attempt to interpret their significance. The three characteris- 
tics especially investigated were brachydactyly, polydactyly, 
and color. These will be discussed first. 

^ Brachydactyly. Table 4 brings out the fact that in each 
instance the percentage of brachydactyly in A is considerably 
in excess of that in C, the differences in the four experiments 
being 7.5, 8.2, 10.9, and 17.9, respectively. The results of 
either of these experiments taken separately would point strong- 
ly to the conclusion that alcohol is capable of influencing the 
percentage of brachydactyly, and the fact that all four of them 
show such close agreement gives strong assurance that such 
is the case. If alcohol were without effect, the departures 
from the normal distribution would not be all in the same 
direction and the sum of the data from the four A’s should 
show a percentage approximating that from the four C’s. Such 
does not prove to be the case. In the C experiments there 
were 464 individuals of which 39 per cent were brachydactyl, 
while in the A experiments there were 369 individuals of which 
48.2 per cent were brachydactyl. These figures are sufficiently 
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large and the difference between the two percentages is sufficiently 
great to warrant the conclusion that treating parents wliich 
are heterozygous for brachydactyly Aith alcohol vapor re- 
sults in an increase in the number of brachy dactyl otYs])riiig 
produced. 

It is perhaps significant in this connection that in the first 
three experiments, those in which the males were treated, th(» 
increase in brachydactyly is roughly proportional to the aver- 
age daily dosage, the greater the dosage (table 1) the higher 
the percentage produced. In experiment 4, while the actual 
dosage was less, it was very apparent that the general physio- 
logical effects were much greater, and this fact seems to be 
mirrored in the more pronounced increase in brachydactyly 
in 4-A. 

It is also of interest that in the three experiments in which 
the males are involved there is a correlation between the magni- 
tudes of the C^s and A's. In other words, if the percentage of 
brachydactyly is relatively high in one part of the experiment 
it is. also relatively high in the other part, and vice versa. For 
example, in 3-C the percentage is several points higher than for 
all of the C^s combined, and in 3-A a similar condition obtains 
in reference to the total A percentage. In 2, A and C are both 
below their respective averages while 1-A is intermediate be- 
tween 2-A and 3-A, and 1-C likewise intermediate between 2-(.' 
and 3-C. This point will be reverted to in a later paragraph. 

The conclusion in reference to brachydactyly that seems 
justified is that by treating a heterozygous parent with alcohol 
vapor of sufficient strength the proportion of hrachydactyl to normal 
offspring can he increased, 

Polydactyly. Three experiments are available for the study 
of polydactyly. The results of these experiments are not uni- 
form, and when the percentages for all the C’s and for all the i. 
A’s are computed there is found to be an exact coincid(;nce. 
Such a group of data might well serve to illustrate fluctuations 
of percentile values in individual samples, and the tendency of 
these, in a sense provisional, values to approximate the true 
values as the magnitude or number of samples increases. Such 
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an interpretation here would imply that the alcohol was without 
effect on the transmission of poIydactyly. While this seems 
to be the most probable 'conclusion, there are two points brought 
out in table 4 that deserve attention. One of them is a phenom- 
enon similar to that mentioned in the discussion of brachy- 
dactyly, namely, a positive correlation between the percentage 
magnitudes of the A and C divisions of each experiment. In 
1 are found the lowest values, in 2 intermediate values, and in 
3 the highest values. This looks very mpch as if each of the 
three males had his own peculiar capacity for producing poly- 
dactyl offspring. 

The other point mentioned concerns experiment 3, where in 
A the percentage of polydactyl chicks was 52 which is a most 
unusual percentage in a cross of this sort. Here an effect of 
the treatment seems to be indicated, and such a supposition 
is strengthened by the fact that when the treatments were 
stopped the percentage dropped to forty. It has been pointed 
out that in the case of brachydactyly there is some evidence 
that the amount of rise in the percentage is dependent upon the 
strength of the treatment. It is possible that the same is true 
of poIydactyly, but that the level required to produce results — 
the^threshold — is higter. Experiment 3-A, which had the highest 
daily dosage and in which the treated male was most affected, 
seems to have been the only one that was sufficiently rigorous 
to produce an effect on the percentage to polydactyl chicks. 

For poIydactyly it may be said by way of conclusion that 
the evidence is possibly negative, but that there is some indi- 
cation that when the alcohol treatment of the heterozygous 
parent is sufficiently intensive the relative number of poly- 
dactyl young is increased. 

Color. In experiment 1 the female parents were homozy- 
tgous for the dominant white characteristic of the Leghorns, 
while the treated male parent was a homozygous dark recessive. 
Since each parent could produce only one kind of germ cell, 
there was no chance for selection and the expectation of 100 
per cent of white chicks was realized in the 217 individuals 
whose color was determined. In the other three experiments 
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the treated birds were all white and conseQUcntly, since they 
were derived from the cross made in experiment 1, heterozy- 
gous for color. These individuals shoAld have developed two 
kinds of germ cell with reference to their color-])roducing 
potentialities, thus affording material for selection. Tables 3 
and 4 show the results obtained. They do not reveal any ob- 
vious effect of the alcohol unless it be in experiment 3, where 
the percentage in A is considerably above what one would 
expect. 3-C also sl^ows a high percentage, and when it is 
recalled that C followed immediately upon A, the probability 
that the high percentage in both cases is due to a common 
cause rather than to chance is somewhat increased. 

Except in 4-A, where the total number of individuals in- 
volved is only 28, the percentage of white chicks does not fall 
below 50 in any of the six separate experiments, the average 
being over 53 per cent. This is rather close to expectation, 
but the constant upward tendency of the white is at least no- 
ticeable and suggests a possible inherent superiority of the white 
producing germ cells. 

No very certain conclusion seems warranted in regard to 
the effect of alcohol treatment upon the transmission of color 
but in the experiment in which the treatment of the male Vv’as 
most severe there is some indication that the germ cells bear- 
ing determiners for the dominant character functioned more 
commonly. 

In reviewing the four experiments, no. 3 will be seen to have 
yielded the most striking results throughout. In this experi- 
ment, not only did the three characters, brachydactyly, poly- 
dactyly, and color, show indications of the action of alcohol 
vapor upon the germ cells, but the fertility of the eggs was also 
markedly affected (table 2). This latter point is of interest 
m connection with Pearl’s results. One of the most constant 
features reported in his paper is a regular elevation of the per- 
centage of infertile eggs in his various alcohol series. When 
the present work was begun similar results were expected, but 
as will be seen by reference to table 2, they were realized only 
in experiment 3. 
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There are several considerations that may serve to explain 
this discrepancy. Pearl studied the effects of alcohol acting 
over long periods, while* in the present work it was desired to 
have the treatments extend over the shortest possible periods 
consistent with securing a statistically sufficient number of 
eggs. Since Arlitt and Wells (17) have shown that in the 
rat testis cells in different stages of spermatogenesis are affected 
differentially by alcoholic poisoning, it may be surmised that 
injury done to cells in early stages of gayietogenesis may not 
show any effects in breeding tests for relatively long periods. 
It is possible on this assumption that Pearrs data were taken 
mostly after the full effects of the alcohol had been established, 
while most of my experiments were stopped too soon to get the 
later results. The data from experiment 3 are in harmony 
with this supposition, for in C, which followed immediately 
after A, the percentage of infertile eggs was actually higher 
than it was during the time when alcohol was being administered. 

Another possibility that may be mentioned is differential 
susceptibility to alcohol. It might be inferred from PearFs 
paper that one hour is practically the maximum time that a 
fowl can live in an atmosphere saturated with alcohol vapor. 
The males used in experiments 1, 2, and 3 were able to endure 
much more than that, but of these three males no. 28 showed 
unmistakable signs of being most severely affected. It may be, 
therefore, that although stronger dosages were administered, the 
actual physiological reactions were less except in experiment 3. 

That male no. 28 was not naturally infertile is shown by his 
subsequent history. During July and till the 10th of August 
he was mated to no. 21, and this hen gave no infertile egg till 
August 26, sixteen days after having been separated from the 
male. Aug. 10, he was mated to eight black Minorcas, the 
remnants of experiments 2 and 3. Eggs from this mating 
were saved beginning Aug. 19. Despite the fact that during 
much of the time the weather was unfavorable and the male 
was moulting, out of the 101 eggs laid only three were infertile, 
in marked contrast to the more than 27 per cent of non-fertile 
eggs during the experiment. Since the number of hens in the 
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original experiment was smaller than that used in the supple- 
mentary test, it does not seem likely that there was a dearth of 
sperm at any time during the experimental jieriods, hut nmre 
probable that some of the eggs were entered by sperm too badly 
injured to develop a pronucleus or at least a viable conjugation 
nucleus. An egg 'fertilized^ by such a siierm would very likely 
give no other reaction than an egg that had been reached by 
no sperm whatever, and would be recorded as non-fertih'. 

Pearl s statements as to the non-effect of alcohol on the trans- 
mission of Mendelian characters are clearly meant to ap])ly 
only to the data he presents, and those data were derived from 
experiments obviously neither intended nor adapted for the 
solution of the problem attacked in this paper. Since he dealt 
with crosses between pure-bred homozygous strains in which 
all the Mendelian characters were in stable ec[ui librium, there 
was no chance for selection except on the basis of such characters 
as vitality and vigor. With reference to these chai’actcrs, 
Pearl found selection to be possible. In the experiments now 
being reported the material afforded a chance for selection be- 
tween other traits, in this case ^Mendelian, and the results are 
believed to show that here also selection, is possible. 

The question still remains as to the precise natun^ of the 
selection that takes place. Cole ami Davis (’14) have pro- 
duced evidence that with rabbits the sperm of om^ male may 
have greater fertilizing capabiliti(‘s than that of another, even 
when conditions would seem to b(; more favoralilc for thi) latter. 
They have also shown that the fertilizing power of tin; sperm 
can be influenced by poisons administered through the male 
soma. But in their work also, homozygous males scmuu to have 
been used and no evidence is presented as to whether or not 
two kinds of sperm produced hy the same male could be dif- 
ferentially affected. These and other results obtained by Ckile 
and his colaborators, Htockard’s findings, and the conclusions 
reached by Pearl, all tend to suggest that the effect of jioison- 
ous reagents is lethal rather than stimulating, if such is t\w 
case, we may assume that a germ cell or nucleus bearing a 
determiner for brachydactyly is more resistant to the effects of 
alcohol treatment than one not bearing such a determiner. 
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On this assumption it might be expected, although it need 
not necessarily follow, that germ cells carrying determiners 
for two or more characters of selective value would be more 
favorably circumstanced tftian those carrying only one such 
determiner. The available data is not sufficient to throw much 
light on this question, but so far as it goes it would seem to in- 
dicate that such may be the case. I'or example, in 3-A the 
combination brachydactyl-polydactyl-white is represented by 
sixteen individuals where the expectation is thirteen on the basis 
of observed percentages and only six on the basis of expected 
percentages. 

The question as to the time in gametogenesis at which the 
selection takes place must also be left unsettled. The pur- 
pose of these experiments was to try to select between mature 
germ cells, and this seems to have been accomplished, but there 
is also some indication that the effects of the treatments have 
persisted for a period greater than the probable life of such 
cells. Moreover, there is some evidence, too meager perhaps 
to be given much weight, that ova, or their nuclei, are likewise 
selected. This may mean that the alcohol is effective as a 
selective agent as far back as the first maturation division and 
possibly determines at that time which nucleus will remain 
in the egg of the female or which will be the more effective 
sperm produced by the male. In this connection may be re- 
called the finding of Arlitt and Wells (loc. cit.) that, in the 
rat at least, the alcohol affects stages of spermatogenesis in 
the reverse order, attacking late stages first, and early stages 
last. 

There is one- interesting by-product of these experiments 
which should perhaps be further emphasized, the indication 
of individual idiosyncracies in the transmission of traits. 
Among breeders a belief in ‘prepotency^ has occasionally had 
currency, but the possitality of this supposed phenomenon 
being real is often discounted by geneticists. When the data 
for these experiments were being tabulated it was observed 
with some surprise that they might be interpreted as furnish- 
ing evidence of something analogous to prepotency. It would 
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not be inconsistent with the conclusions of this paper if it should 
turn out that within certain limits heterozygous individuals 
may produce functional germ cells of reciprocal classes in <iif- 
ferent proportions, the average ratit) for all individuals being 
in most cases about 60 : 50, but in brachydactyly, for (^xampk', 
39 : 61. Such a tendency, unless very marked, would b(‘ inasktHl 
in ordinary breeding experiments since individual departures 
would be attributed to chance and lost in tlie totals. d1ie 
data in the present paper happen to be so arranged that tlu're 
are eight opportunities to note the correlation b('tAV(Hm )}er- 
centages produced by the same male parents in two dilTta-- 
ent tests, and in all of these cases tlie correlation is positive. 
This is a matter that seems to l)e worth inv(^stigating and 
these data suggest a favorable method for attacking tlu' pn)i)- 
lem. lo test the question properly, many matings l)(q\v(*(‘n 
pairs or small groups of animals of i)ro])cr gametic conslituti<ui 
should be made, and the data from these matings bniki'ii iij) 
into blocks that could be compared with each r)th(T and with 
similar blocks from other matings. 

SUMMARY AND CONCLUSIONS 

These experiments were planned to te.st the possii)iIity of selec- 
tion between the different elassos of germ cells ]>r()(liic(‘(l by a 
heterozygous parent. For a seleetive agent alcohol vapor*, which, 
inhaled through the lungs, is believed to pass directly into tin; 
circulation and thence to the fluids surrounding tlu* gcTiniiial 
tissues, was administered to fowls of the desired genetic con- 
stitution. As an index of any selection that might occur, the 
relative proportion of certain traits, brachydactyly, polychu-tyly, 
and white color, appearing in the offspring produced during 
periods of treatment was compared with the [rroportioii of 
those traits produced during control ]:)eriods. The r(‘sults 
indicate that with at least some traits selection is f)(jssil)lc5 and 
and that it is more ngorous the more severe the treatment. 

Since, under certain conditions, here artificially produced, it 
appears that germ cells with difftu’cnt gcmetic potentialities 
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react differently, a possibility of far-reaching importance is 
suggested: that, even under normal conditions, the genes 
which determine the genetic potentialities of a germ cell may 
have a real survival valdfe for that cell and, moreover, that 
the prevalence of certain traits appearing in the adult may be 
in the final analysis largely regulated by the advantage or dis- 
advantages that the determiners for such traits confer upon 
the germ cells in which they chance to be lodged. 
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E. Reversal of dominance of sooty by black 

IIL Summary and general discussion 

A. The masking of a Meudelian difference by environment. 

B. Reversal of dominance 

C. Analysis of a case of continuous variation 

D. The physiology of color production 

I. INTRODUCTION 
A, Bisirihuiion and taxonomy 

The Mediterranean flour-moth, Ephestia Kiihniella Zeller, is 
widely distributed and very destructive to stored cereals. It 
was noticed in Paris in 1840 and in Constantinople in 1872. An 
outbreak of the pest occurred at Halle, Germany, in 1877, where 
it was supposed to have been introduced with some American 
wheat. The American origin was assumed by European writers 
for a number of years, but it is probable that the insect was 
rather widely distributed in Europe for some time, being noticed 
only when it became especially abundant and troublesome. It 
was not officially reported in America until 1889 (Canada). 

The insect belongs to the subfamily Phycitinae of the large 
family Pjralidae. Its nearest important relatives are the dried- 
currant moth, Ephestia cautella Walker, the chocolate moth, 
Ephestia elutella Hubner, and the Indian-meal moth, Plodia 
interpunctella Hubner. 

In June, 1877, Professor Kiihn, of the university at Halle, 
sent a number of specimens to Zeller whose description appeared 
in 1879. It is thought advisable to quote the original description 
of the moth since the taxonomic type agrees with the genetic 
type as treated in the present paper. Color characters with 
which this paper is concerned have been placed in italics in 
Zeller description quoted below. 

Major, alls elongatis, ant cinereis, strigis 2 ob&oletis dUutiorihuSj 
obscurius marginatis: priore ante medium posita, oblique, subserrata, 
posteriore superne fracta, margini postico nigro-punctato admota, 
puncto venae transversae nigro gemino saepe in strigidam mutato, umbra 
subfasciata ab eo introrsus ad dorsum demissa; post, albidis, sub- 
hyalinis, ramis venae medianae griseis. c? 9 
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Grosse der Homeos. ninibella. Konf und va.a j j 

lichten ^rau der VorderatigeL Stirn goruiidi^t, 'Pastor aufg(i7iiinm? 
a^egend heUgrau, an den Seiten des 2. und ( iiiedos a ,« ,m' Ztr 
|.itzeschwarzlich. Sanger stark, auf den, Hncken liellgran has . , pt 
Fuhler gran undeutlich geringelt. Hintoilcib hcllor als der 'rhnrax 
mjt we^shchem Bauch. Mannlicher Analbus,.], srhmnfr.ig 
bhch, Gemtalzaiigen ansehnlieh, langlich KitTelfdrmig, mit golhlioluMi 
verlangerten Schuppen reichlich bekleidet. Legostachel wc-tlio ioi ; 
lang hervorstehend. Beine grau; Fiisse ausseri dunklor ndt woissliolion’ 
Spitzen der Gbeder; Hmterschienen zusammoDgedriickt, ani Kudo 
durch Haarschuppen erweitert; vor der Spitze ausseu schwiirzlieh. 

Vorderflugel iiber 5 und bis bist king (boi oinoiu 9 niir 1'") 
gestreckt, mit sanft gebogenem, naoh hinton starker convexoin Vor- 
derrand, wegp der Fransen ungefahr rcohtwinkliger Spitze und sanft 
conyexem Hinterrand. Grundfarbe kelhfrau ohm andere bnqntmchte 
tarbe. Der ersk Querstreifen, in der MiUe zwuchm Basis und Querader- 
punkt, ist schrdQj etivas nach aussen gebogen, undrutlick sdgezdhnig 
auf der Subdorsale mdt scharfem^ cinsprmgeyukm Winkri hcllrr ah die 
Grundfarbe, auswdrts gewohnlich nur bis zur Medianader brat schwnrz- 
lick gesdumt, darunter im Subdorsalwinkel mit ciner deullichen schwarzen 
AusfiiUung. Die mei schwarzen, fast senkrechl iiber cinander stckenden 
Qmraderpunkte [der untere grosser und oft Idngsstrichformuj) vercinigm 
sick oft zu einem oben vefdunnten Querstrich; von desscn iinterem Fnde 
Oder dem unteren Punkt lauft ein etwas breiter, niclit iminer deutlieher, 
schwarzer Schattenstreif einwiirts zur Mittc des Inwjnrandes. Der 
zweite helk Qmrstreifen, dem Hinierrande ndher als der Quermkr und 
jenem parallel, macht in seinem obern Drittel einen srJiarfm, nach aussen 
off men Winkel; er ist etwas sdgezdhnig und auf he idea Seiten, auf der 
hintern vollstdndiger als auf der vordern, mil schwarzni Adcrsirichen 
gesdumt. Vor dem mit groben, schwarzen Punkien eiug(fassten Uinter- 
rande sind die Ldngsadern oft fast alle schwarz, Fran,s(‘n oinfarhie 
hellgrau. 

Hinterfliigel fepitz, weisslioh, durchseiieinend, mit vorlosfdumer, 
grauer Hinterrandlinie, welche sich um die Spitze bis in d(;n VordcTrand 
zieht; auch die Medianader mit ihren Aesten ist grau. Basis beim o’ 
ohne Haarbusch. Fransen weisslich, an der Wurzel mit frdnor, gel- 
blicher Linie durchzogen. Haarc des Abdominalrandcs oft scihr 
blassgelblich. 

Unterseite der Vorderflugel einfarbig, schimmernd hellgrau, ganz an 
der Wurzel mit einigen ein warts verlangerten Haarschuppen des Vor- 
derrandes. Hinterfliigel weisslich, am ganzen Vorderrand bis zur 
Subcostale lichtgrau. 

Beide Geschlechter sind wenig verschieden; nur ist das 9 gewohnlich 
das scharfer gezeichnete. 


In figure m is shown a specimen which closely approximates 
the type as described by Zeller. It is probable that his speci- 
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mens may have been a little lighter than the average of my own, 
for it was the transverse light bands (^^strigis 2 obsoletis dilutiori- 
bus^* and ‘^Der erste Qiterstr^fen,. , .helkr als die Grundfarbe .. . . 
Der zweite helle Querstreifen”) rather than the dark, that ap- 
peared especially to strike his attention. In general later de- 
scriptions emphasize the transverse dark bands. For example, 
Miss Ormerod (^89) describes the fore-wings as ^^pale gray with 
darker transverse markings,” 

The typical ground color of the fore-wings is gray or ashy 
cinereis” and “Grundfarbe hellgrau ohne andere beigemischte 
Farbef^) in my specimens and according to all descriptions 
available, although Riley (^89) mistakenly says “in the typical 
specimens raised by Zeller the ground color is pure yellow or 
nearly brownish.” 

I have not been able to correlate with sex any color character 
such as mentioned by Zeller. The markings of both sexes appear 
to me to be equally distinct. 

Numerous articles concerned chiefly with the economic im- 
portance of the moth are referred to in the bibliographies of 
American economic entomology by Nathan Banks. 

The experiments described in this paper have been carried on 
by aid of a Harrison Research Fellowship of the University of 
Pennsylvania. My thanks are due to the members of the Zoo- 
logical Department for their interest and suggestions. 

R. Source of the material 

The moths used in the experiments belonged to the following 
stocks : 

Bussey stock. On January 28, 1915, five adult moths were 
placed in a glass jar 4 inches in diameter and 5 inches high with 
tin cover screwed down tight. The cover must have admitted 
but slight circulation of air. The jar was half fiUed with white 
flour. It was set in a dark closet at the Bussey Institution, 
Boston, Massachusetts, and was not disturbed until June 2, 1916. 
At that time there were many insects in all stages of develop- 
ment. It is probable that the culture might have lasted much 
longer as the flour was by no means exhausted. 
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Lowell stock, A box of ‘^Creain of from Lcnvt^Il, 

sachusetts, was found in July, 1916, to infested. 

Calvert stock. A large tin box of flour heavily infested was 
given me by Professor Calvert in the fall of 1916. 

Washington stock. A culture was obtained from tlu^ Bureau 
of Entomology, Washington, D. C., in June, 1916. 

Strain A of Washington stock. A pair of moths ^Yas isolated 
from the Washington stock on July 11, 1916. The female was 
probably not virgin. A mass culture was made from the ])rog(‘ny. 

During July and the first part of August, 1916, the motlis 
were, bred and studied at the Marine Biological Laboratory, 
Woods Hole, Massachusetts. From then until the end of Sep- 
tember they were left in mass cultures. The results descril)ed 
below are from matings made at the Zoological F.ahoratory of 
the University of Pennsylvania. 

C. Technique 

Various methods of rearing the moths have been tried. It has 
been found convenient to use glass candy jars with an inside 
measurement of ^ inches in height by 4 inclics in diameter, A 
small amount of cereal is placed in the jar and tin* etheriiied 
moths are set upon this. If progeny are produced, as may be 
easily determined by the appearance of webs, more cereal is 
added. 

Pupation normally occurs in silken tubes spun in tlu^ cereal, 
but overcrowding or lack of food soinetirncs caus(^s tin; cater- 
pillars to wander. The moths emerge and rest upon thr^ glass. 
They do not fly unless disturbed, so that it is an easy mat ter to 
collect them in a shell vial. After scveial moths have*, been thus 
secured they are turned into a wide-mouthed bottle containing 
ether fumes. The etherized moths may bo studied under a 
binocular and sorted out for recording and pairing. 

Once fertile eggs have been obtained from a pair, there is little 
difficulty in rearing the larvae. The jar has but to be set in a 
warm, humid place. The adult moths are, however, extremely 
sensitive to environmental conditions. Mating apparently occurs 
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at any ordinary temperature or humidity, *but the females are 
very perverse about eggdaying. The proper conditions have 
not yet been determined, and consequently the results obtained 
have been a chance selection from a very large number of pairs 
set. Usually not more than 5 or 10 per cent of the pairs prove 
fertile, but I have occasionally had as good a ratio as 50, 60, or 
even 70 per cent. The most frequent condition of infertility is 
the failure of the female to oviposit. Examination has been 
made of a large number of such females. The abdomens have 
been found to be filled with large eggs apparently mature and 
normal. Another peculiar condition is the failure of the eggs to 
hatch unless almost all the eggs are laid. It has been found that 
if the female retains a large proportion of her eggs, the eggs which 
are laid do not hatch. The pairs have in this case frequently 
been observed to mate, but it is possible, nevertheless, that the 
eggs have not been fertilized. Records are being kept of all 
these conditions and further studies will be made. 

If conditions are warm and humid, moths begin eclosing five 
weeks after the parents have been isolated. Considerable vari- 
ation obtains in rate of development of the larvae from any one 
pair, so that moths of one fraternity are sometimes eclosing over 
a period of one, two or even three months. It is probable that 
this tends to compensate for the high sterility, for if conditions 
are not favorable for oviposition at one time they may be at 
another. There is thus no difficulty in keeping mass cultures. 
Even extreme reduction in food with consequent reduction in 
size of the moths does not exterminate them. Despite the 
extreme sensitiveness of the adults, the species is adapted to 
tide over very unfavorable conditions. 

Since mating takes place as soon as the wings are dry, females 
are counted as virgin only when found in cultures before a male 
has emerged. 
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II. OBSERVATIONS, EXPERIMENTAL DATA, AND CONCLUSIONS 
A. Descripiion and origin of inrkiilons noted 

L Description of variations, a. Color. During the studios 
at Woods Hole and later the moths were examined for vari- 
ations. It was soon noticed that there were many minor dif- 
ferences in wing color and pattern and that these appeared to he 
hereditary. Certain cultures produced moths darker than others, 
while some had the transverse bands of the wings very well 
marked. These differences persisted regardless of the nature 
of the food. 

A few color variations were very well' marked. The variety 
shown in figure n has been called 'sooty base’ or 'sooty.’ The 
base of the primaries is black and the outer margin is much 
darkened. There is also a decided tendency for the intermediate 
area to be lighter than in the type. The factor producing this 
variation, S, proves dominant to type. 

Another variation tends to darken the mid-area of the pri- 
maries, and possibly to lighten the base and outer margin. It 
has not as yet been studied satisfactorily. In some specimens 
it is very pronounced, but in others it grades into type. It is 
of interest because it has an effect the reverse of sooty base. It 
has been called 'Dark mid-area’ or ‘Dark.’ 

A black variation, acting as a simple recessive, h, is shown in 
figure 0. The»upper side of the primaries is black. The upper 
side of the secondaries is slightly darkened. The under side of 
the wings is light gray or white as in type, but some black ap- 
pears along the costal margin. The legs and body are black or 
gray. 

The homozygous sooty black, SS.bb, is shown m figure p. 

h. Size. Variations in size are probably due to lack of suffi- 
cient food, since small moths have come out of certain crowded 
cultures. When virgin matings of these were made they pro- 
duced moths of normal size. 

c. Leg spines. Two spines occur at the tips of both the middle 
and the hind tibiae and two occur in the middle of the hind 
tibiae. They were studied in many hundreds of moths from 
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mass cultures and individual matings. The number was always 
constant, and only slight variation occurred in length and 
divergence. 

d. Genitalia. No secondary sexual characters could be foimd. 
The sexes may be readily distinguished, however, by the claspers 
of the male, as shown in figure b, and the ovipositor of the female, 
as shown in figure e. Occasionally a moth was found that had 
peculiar genitalia. Examination showed that these were males 
in which the claspers were shortened, twisted, or lacking. In- 
ternal sexual organs were apparently normal and spermatozoa 
were present in all. , 

e. Mouth parts. The adult moths do not feed. The mouth 
parts consist of the tongue, which is formed by the maxillae; 
the maxillary palpi, which are small and inconspicuous ; and the 
three-jointed labial palpi, which conceal the maxillary palpi. 
The normal condition of the mouth parts is shown in figures c 
and /. Many variations were observed in the tongue and in 
the labial palpi. The latter will be referred to hereafter as the 
palpi. 

Figure a shows a condition in which the palpi are fused in the 
median plane. The joints of each are fused with the correspond- 
ing joints of the other, so that there results a large flat three- 
jointed median palpus. The tongue arises from the normal 
position above tlie insertion of the palpus and appears to be 
normal in every way. Its coil is pushed aside by the palpus. 
Figure d shows a condition in which the palpi are asymmetrical. 
The two terminal joints of the left are lacking. The right is 
normal. Figure I shows a condition in which the palpi are both 
shortened symmetrically. All sorts of variations in the palpi 
may occur, due to loss or shortening of the joints. 

The tongue may be lacking altogether, as shown in figures j 
and k. This Variation occurred in some of the mass cultures 
early in the work. Much variation occurs also in length. The 
elements of the tongue, maxillae, which are normally united to 
form a tube, may be separated to any extent. The separation 
may occur at the tip only or from the tip any distance towards 
the base. In some cases also the basal or middle part may be 
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divided while the distal part is normal. Failure of the maxillae 
to unite is apparently due to malformation. 

Figure g shows a condition in which (he palpi are very small 
the tongue is cleft to the base and a short distance from tln^ Imsc 
the elements diverge laterally. In figure h the palpi are normal; 
the maxillae are separated distal ly. Occasionally a moth fails 
to shed the pupal covering of the head. It may othel■^^■isc be 
quite nprmal. Figure i illustrates this, showing a \ entral view 
in which also the maxillae arc separated and coiled up at the 
sides. 

Other variations are swellings on the tongue or antennae, 
straight tongue and scaleless areas on wings. 

2. Analysis of origmal stocks. Hummarios of the earlier results 
will be given in order to show the origin of the variations st udit'd. 

а. Bussey stock. Defective mouth parts. Nine non- virgin 
type females from the Bussey stock, when isolated, produced 
841 type, 448 males and 393 females; 6 with defective palpi, 2 
males and 4 females; 5 with deformed tongue, 2 male.s and 3 
females; and one male with defective genitalia. Defects of i)alpi, 
tongue, and male genitalia, therefore, occur in the Bussey stock. 

Twenty virgin females from the Bussey stock were paired with 
males, either from the Bussey, the Lowell, or the Washington 
stock. They produced 473 type, 255 malc.s and 218 females; 
3 with defective palpi, 1 male and 2 females, and 1 female with 
cleft tongue. Each of these abnormalities occurred among the 
offspring of a different mating, so that no signiticant Mendelian 
ratio appeared. 

б. Lowell stock. Defective mouth parts and sooty bas(‘. Ten 
non-virgin type females from the Lowell stock, when isolated, 
produced 917 type, 452 males and 465 females; 24 with defective 
palpi, 13 males and 11 females; 7 with deformed tongue, 4 males 
and 3 females. Defects in palpi and tongue therefore occur in 
the Lowell stock as in the Bussey stock. 

A pair of type produced 55 type, 25 males and 30 females; 
and 19 with cleft tongue, 9 males and 10 females. Another 
similar mating produced 27 type, 17 males and 10 females, and 
8 with cleft tongue, 4 males and 4 females. This amounts to 
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82 type and 27 with cleft tongue, suggesting that the latter may 
carry a factor acting as a simple recessive. 

Among the moths of 'this stock were also noticed several of 
the sooty base variety (figure n). A pair of these produced 2 
sooty, 1 male and 1 female, and 1 type, a female. This indicates 
that sooty may be dominant to type. 

e. Calvert stock. Cleft tongue and sooty base. The moths 
of the Calvert stock were rather light in color. Some of them 
had wings with sooty base. 

Tw^o non- virgin females produced 101 moths with normal 
mouth parts and 2 with defective palpi. A sooty male was 
paired with a type female whose virginity was not certain. There 
were produced 7 type and 6 sooty. A pair of these type moths 
produced 9 type and 2 with cleft tongue, suggesting again the 
recessive character of cleft. The Calvert stock is of interest 
as it is the source of the factor for sooty base used in later 
experiments. 

d. Washington stock. Defective mouth parts. Sixteen non- 
virgin females from the Washington stock, when isolated, pro- 
duced 1523 type, 744 males and 779 females; 11 with defective 
palpi, 7 males and 4 females; 3 with deformed tongue, 2 males 
and 1 female, and 1 female with defective palpi and deformed 
tongue. 

Two other non- virgin females were isolated from a fraternity 
consisting of 44 moths with normal mouth parts. One of these 
produced 163 type, 85 males and 78 females; 7 with cleft tongue; 
5 males and 2 females, and 2 with defective palpi, 1 male and 1 
female. The other produced 116 type, 54 males and 62 females, 
and 40 with cleft tongue, 26 males and 14 females, thus closely 
approximating the Mendelian three to one ratio. A pair of these 
moths with cleft tongue produced 2 males and 1 female, all 
having cleft tongue. This furnishes additional evidence that 
cleft depends upon a recessive factor. 

€. Strain A of Washington stock. Black color and dark mid- 
area. On October 1, 1916, two males and four non-virgin females 
of typical color from strain A of Washington stock were isolated 
in a fresh culture. From December 1 to December 14 there 
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emerged 105 males and 120 females of typical color, and 1 male, 
typical in color but with deformed genitalia. There also ap- 
peared for the first time 43 black moths, 18 males and 25 females. 
The factor for black was probably carried as a recessive by the 
Washington stock. 

In later generations bred from this strain there appeared moths 
with dark mid-area. 

B. Tests for the hereditary nature of variations noted 

f. Heredity of color variations, a. Black. Summaries of all 
the results involving black will be given here whether or not 
other variations entered into the crosses. The recessive nature 
of black is demonstrated without question. 

Fifteen pairs of homozygous gray by black produced 1099 
gray. Dominance was complete. 

Nineteen pairs of heterozygous gray by black produced 494 
gray and 429 black. ' The deficiency of black below the expected ■ 
one to one ratio is to be noted. 

Three pairs of black produced 114 black indicating that black 
breeds true. 

Fifteen pairs and two mass cultures of heterozygous gray 
produced 3353 gray to 969 black where 3241,5 to 1080.5 is to be 
expected. Again the deficiency of black is to be noted. 

In cultures segregating gray and black there was consideralde 
variation in ratios. This variation was so extreme in some (‘ases 
that it is probable that disturbing causes such as lethal factors 
may have been acting. 

b. Dark mid-area. It has not as yet been possible in all cases 
to separate moths of the dark mid-area variety from type. The 
gradation appears to be continuous. In some specimens the 
character is very pronounced. It is carried by black where it 
may sometimes be seen as a ^ghost pattern.’ 

A mating of a black male by a dark female and three matings 
of dark males by black females produced 126 gray and 118 black, 
which is very close to the one to one ratio expected from heterozy- 
gote by recessive. The grays graded from dark to type. 
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A pair of dark produced 73 gray and 23 black, which is close 
to the three to one ratio expected from heterozygote by heterozy- 
gote. Again the grays 'showed much gradation between dark 
and type. 

Another pair of dark produced 13 dark in which the char^ter 
was very pronounced showing no gradation toward type, 

A black male paired with a type female produced 14 gray 
grading from 1)^)6 to dark and 14 black. 

Another pairing of black male by type female produced 24 
gray, all of which showed the dark mid-area. In these two 
matings dark was evidently introduced with black. 

c. Sooty base. Sooty base acts as a simple dominant to type, 
but its separation from type is sometimes rendered difficult by 
'the presence of dark mid-area and other variations. This is 
more fully considered in another section. Only those fraterni- 
ties in which the distinction from type was clear are here 
summarized. 

Three pairs of homozygous sooty by type produced 430 sooty. 
Dominance was practically, although not quite, complete. 

Two pairs of sooty produced 42 sooty. 

Six pairs of heterozygous sooty by type produced 77 sooty 
and 93 type. The deficiency of sooty below the one to one 
ratio is to be noted. ’ 

Thirty-eight pairs of heterozygous sooty produced 1627 sooty 
to 615 type where 1681.5 to 560.5 is to be expected. Again the 
deficiency of sooty is to be noted. 

No significant variation in ratios in cultures segregating sooty 
and type could be found. This is in marked contrast to the 
condition noted in regard to black. 

Heredity of oral defects, a. Cleft tongue. The masking of 
a Mendelian difference by environment. The appearance of 
cleft tongue is much complicated by environmental conditions. 
Certain strains never throw cleft, while in others cleft occurs in 
variable ratios. It has been noticed that fraternities containing 
moths with cleft tongue show cleft emerging in large numbers 
at certain times and scarcely at all at others. The cultures have 
been shifted from humid to comparatively dry conditions and 
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the appearance of cleft seems to be correlated with drying out. 
It has also been noticed that ^vheii few cleft appeared j the tongues 
were but slightly cleft. 

Six pairs of normal produced 307 nonnal and 24 cleft, a few 
cleft appearing in each fraternity. Conditions were rather \'ari« 
able as regards humidity. 

Three fraternities from normal parents were reared under dry 
conditions. They consisted of 55 normal and 19 cleft; 27 normal 
and 8 cleft, and 116 normal and 40 cleft, respectively. The 
cleft showed tongues cleft practically to base. Pairings were 
made of cleft from the last fraternity, but conditions were ex- 
tremely dry and only one pair produced offspring, 3 moths witli 
tongue cleft to base. Results indicate that we have here a 
recessive gene which expresses itself only under more or less 
arid conditions. The three fraternities reared from normal 
under dry conditions, when summarized, show 198 normal to 
67 cleft, very close to 198.75 to 66.25, the monohybrid expectation. 

Two pairings of normal by deeply cleft produced under moder- 
ately dry conditions 95 and 89 normal, respectively. Moths 
from the former fraternity produced 262 normal to 51 cleft and 
moths from the latter fraternity produced 789 normal to 114 
cleft. Conditions were somewhat variable during the rearing 
and eclosion of these r 2 moths. When summarized there w'ere 
1051 normal to 165 cleft. The expectation from a monohybrid 
cross would be 912 to 304, which shows that cleft apparently 
falls below expectation. 

In the later course of the work a very high humidity was 
maintained. Under these conditions a pairing of a normal by 
a cleft from the segregating generation summarized above pro- 
duced 148 normal to 11 cleft. Since one of the parents was 
cleft and cleft appeared among the progeny we would expect 
to have a one to one ratio, the ratio from heterozygote by re- 
cessive. The deficiency of cleft may be explained by the high 
humidity. Under these conditions four pairs of cleft by cleft 
produced 134 normal and only 12 cleft. 

The irregular appearance of cleft may then be explained by 
the effect of environment. Further work is desirable to give 
added corroboration of this theory. 
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b. Defective palpi. Defects in the palpi are likewise heredi- 
tary, but irregular in appearance. 

A pair of moths both* of which had defective palpi produced 
48 moths with normal palpi. 

A pairing of a normal male with a female having both palpi 
small and a pairing of a male having both palpi small with a 
normal female produced 189 normal and 12 cleft. No defects 
in palpi appeared, 

A cleft male paired with a normal female produced 142 normal, 
77 males and 65 females; 5 cleft, 2 males (1 with defective geni- 
talia) and 3 females; 6 with defective palpi (3 of which had both 
short), 4 males and 2 females, and 6 with tongue cleft to base 
and palpi both short, 3 males and 3 females. There were 5 with 
cleft tongue but normal palpi, 6 with normal tongue but defective 
palpi, and 6 with cleft tongue and defective palpi. The corre- 
lation of defects in palpi with defects in tongue is unusual. More- 
over, the shortening of both palpi rather than asymmetry is not 
the usual condition, but is here seen in 9, at least, of the 12 
individuals with defective palpi. 

Many large fraternities bred from normal had a very few moths 
with defective palpi, while many others showed none at all. The 
heredity of defects in palpi appears to be rather complicated. It 
has as yet been impossible to correlate the condition with any 
environmental effect. 

C. Tests for linkage of cleftj hlackj and sooty 

Two black females with deeply cleft tongue were selected from 
the black-producing cultures. One was paired with a gray nor- 
mal male from the same culture from which she was taken. 
There were produced 95 gray normal. The pair was recorded 
as (105). The other black cleft female was^paired with a gray 
sooty moth with normal tongue from the Calvert stock. There 
were produced 89 gray normal. Records were not kept in 
reference to sooty. The pair was recorded as (109). 

The data given in the remainder of this paper deals with the 
descendants of pairs (105) (type male by black cleft female) 
and (109) (sooty male by black cleft female). 
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1 h-ee mjreyaium oj chfl and hlad, Th. I-', rro.n 

(lOo) consisted of ‘204 typo, 4,S I, lack. :i(i.clcfl, and I,’, Mark rlcfl 
Ihcrc arc ‘240 gray to 7:1 black, the cxpi'ctalion being 2:11 |„ 7s 
There is thus no ap|)rcciali!e (Icliricncy M bkack. Tliciv arc 202 
normal to 51 cleft, the expectation being 2:14 to 7s. 'I here is 
thus deficiency of ch'ft. .\inong the norni.-d tlu're are 2(M gra.\- 
to 58 black, the ex|)ectation being ltlii.5 I,, Aniong''l'he 

cleft there arc Mi gray to 15 black, the expclalion being ?i,s,-.>5 
to 12.75.^ The deviation from expirlalion is not iniongh i,, 
iiidicatp linkage. ^ 


Iho 1- g('nci’ation ironi ( 10!)) i'()!i>ist('ii o!' m!)!) l\ ))(', :{0!l innlrs 
and 290 females; 1!I0 Idaek, On mnh'. and !):> iVinak's: S7 r\v{\. II 
inales and 40 females, and 27 l)la(4< ck'O, 12 mail- and Id tianali's. 
The .summaiy shows OSO gray to 217 Mack and 7S!) normal lo 
114 cleft, the expeetalio)! Ix'ing 077 (o 22i; in vuch i-asm d'hiTi' 
is obviously a eonsidera})le d{4i(a('nr’y of rh'ft, wliilr Mai'k agivi's 
closely with expectation. It may Ix' naidily obMawed that tlxav 
is no evideii(‘(‘ of linkagi' between (did'l and hlaek. 

Summarizing the h 2 g(Mi(‘i‘ations from matings i lO.Vi and i lOtl), 
there are SOH gray. 24S blaek, 122 elefi . and 42 hlai-k ek'fl . 'I'liere 
are 920 gi’ay to 290 black and lOdl normal to Hid (4eft. 4'he 
expectation in citlun- cas(' would be !l|2 to MOI. 4'}i(‘re i> (2eaiiy. 
then, a great deticicaiey of (delt. Among tin* noinad thetc are 
802 gray to 24S Idack wIkmt^ the ('xpeetalinii i- 7N'S Io 2i7! .and 
among the clelt there ari' 122 gray to 12 black where iIk' ex- 
pectation is 124 to 41. 4 Ikm’c i>. thiai, no (widenci' of liiikagi* 

1 jet ween cleft and black. 

2. Free mfregado)! of chfl (intl snt>(;i. Sooty ba.-e showed in 
a large jjroport on of th(‘ ol'fspring of pai)’ ' lOt^n but wliile Acry 
pronounced in some ijidividuals it giaided inlo type in oiliers. 
This gradatio]) was diii' iji large pari al lea.-l tn the pre-enee of 
dark mid-area. Tlie nioth> weix’ ela.‘'>ifie(L howevei-. in a more 
or less arbitrary manner in nTitimi to Ihi.- chaiacter. 4 he 
progeny of pair (109) may J)tiv(' bian of mixed enmpo-ition as 
regards sooty, since the male paixuit ma\' ha\ e Ixxmi heteimzygoiis. 
The To generation showed cleft distributed apjiai'enlly without 
reference lo sooty. If coniphde linkage oeeuri’ed Ix'lwuxui f l(*j| 


TUB JOURNAL OF LXI’EIU.MB VT.U. ZOOl.ObV, \ r.il.. i.’S, .VO 
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and sooty and if cleft is recessive as the Fj generation apparently 
indicates, no cleft sooty /should appear in Fo. If the linkage was 
partial the ratio of sooty to type should be higher than that of 
cleft sooty to cleft. Considering only the gray, since black in- 
troduces a further complication, which is entirely explained 
below, there were 249 sooty to 350 type, or 71 per cent; and 34 
cleft sooty to 53 cleft, or 68 per cent. The difference between 
the ratios is not great enough to be significant. Although the 
classification was admittedly arbitrary as regards sooty, any 
error would not affect its relation to cleft. It may therefore 
be concluded that no linkage appears between cleft and sooty. 

3. Apparent complications of black and sooty. In the black 
moths of the F 2 generation from pair (109) accurate separation 
of sooty and non-sooty was uncertain as in the gray. It has 
been possible to test for linkage of cleft with sooty and with 
black. As regards relations between black and sooty, however, 
complications arise since the character affected is the same, 
namely, the color of the wings. If the classification were not 
disturbed by this fact and if no linkage existed, the ratio of sooty 
to type should equal the ratio of sooty black to black. There 
are recorded 283 sooty, 403 type, 19 sooty black, and 198 black. 
This gives 70.2 per cent as the ratio of sooty to type and only 
9.6 per cent as the ratio of sooty black to black. It is evident 
from a comparison (ff these two ratios that there is either close 
linkage between sooty and black or else disturbance in dominance. 
Results recorded below prove that the latter is the ease. 

D. Analysis of the gradations of sooty base 

It will be recalled that the variation called dark mid-area has 
an effect somewhat the reverse of sooty base. Dark mid-area 
appeared in many moths of the F 2 generation from (109) and 
doubtless accounts very largely for the difficulty in distinguishing 
sooty from type. 

A pair of moths in which the primaries had rather dark bases 
and which were probably sooty with dark mid-area produced 
72 sooty, 77 type, and 10 that were intergradiiig between sooty 
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and type, Ihe ratio appears like that produced l,v the .•rossi,,. 
of a heterozygous dotniuaut rvitli a recessive hut will, so,„e difli- 
culty ,n classifying certain of the indi^■idwals. A paii- of defiaiteh' 
sooty moths from this fraternity whi.'h ,,rol,al,lv lack,-,! dark 
mid-area produced dt) definitely sooty and li didinitely ly,,,.. 

A tpe male paiied with a sooty female jirodni'cd 25 soolv 
10 males and 15 females; 17 ty|,e. 1(1 males and 7 females, ai'nl 
h moths of intermediate aiiiiearance. :i males mid ;i f, -males. A 
pair of these sooty moths produced a fiaternitv of 2S inah-s and 
30 females among which the gradation from sooty to li-pe was .so 
continuous that 1 found it impossihle to make any good separa- 
tion. A pair of these that showed |■.•ilhe|■ dai'k wing-liase pi-o- 
duced a frateinitv' of 1.5 males and 11 females showing gi-adation. 
A pair of the type moths from tin- original fratei-nitv pioduce.l 

52 moths of typical color and these produced in (he iicNt g,-nei- 
ation 105 of similar character. It is possible tln-n to exti'aci 
type from an intorgradiiijr slo(‘k. 

A pair of type moths produced :hi iiinles and dS feiindcs whirl) 
showed considerable variability in the piKiiKMitalion of th(^ bns* 
of the wings. None of them were tlark enough to bf‘ ralhd sooty, 
however. A pair oi moths Inning vdigs with rnther timk bn.^es 
were selected and produced i)rog(‘iiy tlnit wi'iv (‘lur^silif^d ms typr, 
10 males and 8 females, and moths with latln'r dmk \\ingd)asr, 
4 males and 0 females. TIk' gradalioii was nwWy eoniinuojis, 
but the evidence shows tliat tin* l(M)d<aicy towaid (hu-kming of 
the wing-base is hereditaiy. Such a t c 1 1 dr iif‘y. orf-urring in a 
culture that is segregating sooty as wrll, would Ik* vi'rv rou- 
fusing. It appears, then, that a h(‘r(*diUuy ((‘iidriicv to darku'n 
the base of the wing, as well as (Ik* \ ariatioii know n as dark ndrl- 
area, may tend to ol)s(‘ur(‘ thf? distinr(i))n brtwf'm sooty ami 
type. 

In the fraternities discussed below, tin* distinction behvr(‘ii 
.sooty and type was perfectly clear, indicating that the confuting 
factors were not present. 

A sooty male paired with a typ(‘ >isl(>}' ])roduc(Kl III sooty, 

53 males and 58 females. Hetcnvizygoin Iv moths wlif'ii f)air(‘(l 
produced 134 sooty, 01 niales and 73 females, and 70 type, 35 
males and 35 females, the expectation lading 153 to 51 . 
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A type male paired with a sooty female produced 12 sooty, 
0 males and 6 females, and 7 type, 4 males and 3 females. A 
pair of these sooty produced 26 sooty, 10 males and 16 females, 
and 9 type, o males and 4 females. A sooty male from the same 
fraternity was paired with one of his type sisters. They pro- 
duced If) sooty and 20 type. 

A black male paired with a sooty female produced 6 sooty and 
8 type showing dominance of gray over black and segregation 
of sooty and type. 

A type male paired with a sooty female produced 11 sooty, 
17 type, and 1 black, which is close to expectation as regards 
sooty, but somewhat aberrant as regards black. 

Two cultures of heterozygous sooty produced 124 sooty and 
40 type, very close to the expected 3 to 1 ratio. 

A sooty male paired with tAvo sooty females produced 42 sooty. 

Sooty is then a character which segregates sharply from type 
when once the complicating factors have been eliminated. 

E. Reversal of dominance of sooty by black 

A sooty male paired (125) with a black female from the same 
culture produced 129 sooty, 66 males (one with defective geni- 
talia) and 63 females. The cross may be represented, SS.BB X 
ss.bb. Six pairs of the sooty progeny, Ss.Bb. produced offspring 
as shown in table 1. 


TABLE 1 


OFFSPRIXG 


COMPOSITION 

OFCVI.TirUK. 

Sooty j 

T j-po 

Sooty 

hi auk 

Slack 


o' 

9 

o' 

9 

o' 

9 


9 

lo" X 19 

^ 1 

0 

3 

0 

0 

1 

0 

3 

X 19 

18 1 

25 

3 

S 1 

0 ! 

0 

4 

5 

lo^ X 19 

23 

29 

10 

11 

1 

2 

8 

9 

lo" X 19 

13 

20 

2 

s 

4 

2 

0 

3 

lo^ X 19 

15 

22 

9 

G 

2 1 

0 

4 

6 

3d^d’Xl9 

20 

17 

^ (i 

12 

3 I 

2 

^ 8 

7 

T’otals. . 

96 

122 ; 


45 

10 ' 

7 

1 24 

33 
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Among these 370 moths there are recorded 218 sooty, 78 type, 
17 sooty black, and 57 black. There are 296 gray to 74 black, 
showing slight deficiency of black, the expectation being 277.5 
to 92.5. Among the gray the proportion, 218 sooty to 78 type, 
IS very close to expectation, 222 to 74. Among the black how- 
ever, the ratio is reversed, there being 17 sooty black to 57 black. 
Apparently black reverses the dominance of sooty. On the 
basis of this reversal the expectation is 18.5 to 55.5, very close 
to the numbers actually obtained. (Vrtain black moths have 
the sooty base appearing as a 'ghost ])attern.’ This is the hetero- 
zygous condition, sS. The moth shown in figure o is of this 
character. It is impossible to separate these from other blacks 
with any accuracy, but easy to distinguish the homozygote, SS, 
since the factor S not only blackens the base and outer margins 
of the wings, but also suppresses pigment in the intermediate 
area. In the duplex condition of the factor this supressiun is 
strong enough to affect the black pigment of the bb moth, as in 
figure p. 

A sooty black male of this type, SS.bb, was paired (127) witli 
a type female, ss.BB. There were produced 190 sooty, 80 males 
and 110 females. Cultures were* made from these sooty as 
shown in table 2. 

'J’.ABLE 2 




COMPOSITION 
OP CULTIIBE 

I Sofjty 

|, Type 

Swity lilark j 

Itlack 

d" 

9 


? 

c/* 

9 

d* ' 

9 


22 

23 

9 

8 

1 

1 

9 

7 

1&X19 ' 

12 

19 

G 

3 

5 

2 

5 

7 

Id’Xl? 

43 

39 

26 

15 

2 

2 

16 

24 

Id’XU 

36 

39 

13 

18 

2 

5 

9 

<) 

Ic^'Xl? 

25 

28 

13 

12 

5 

1 

11 

12 

lcfX49 9 

124 

107 

43 

38 i 

13 

13 

26 

33 

2d'd'Xl9 

30 

37 

14 

12 

6 

0 

8 

8 

ld'X29 9 

80 

90 

! 31 

30 : 

11 

10 

20 

18 

2d’c?X39 9 

88 

97 

1 29 

28 

9 ' 

8 

26 

2.’j 

l(fX19 

18 

13 

9 

14 . 

1 

1 

5 

8 

ld^X19 

12 

2 

1 

1 

0 

1 

0 

0 

IcTXl? 

21 

20 

6 

1 

3 

0 

3 

4 

Id'Xl? 

19 

20 

8 

10 

1 

0 

2 

12 

Totals.... 

530 

534 

20S 

190 

: ^9 

1 

44 

140 

167 
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Among the 1873 moths there recorded, are 1064 sooty, 398 
type, 103 sooty black, and 307 black. There are 1463 gray to 
410 black, showing a slight deficiency of black, the expectation 
being 1405 to 468. Among the gray the proportion, 1064 sooty 
to 399 type, shows a slight excess of type, the expectation being 
1097 to 366. Among the black the ratio, 103 sooty black to 
307 black, is remarkably close to 102.5 to 307.5, the expectation 
with a reversal of dominance. 

Summarizing the Fs generations from pair (125) (SS.BB X 
ss.bb 9) and pair (127) (SS.bb d’ X ss.BB 9), we have 1282 
sooty, 477 type, 120 sooty black, and 364 black, where the ex- 
pectation on a 9:3: 1:3 basis is 1261.8:420.6: 140.2: 420.6. 
The divergence from the expected ratio is largely due to the 
deficiency of black. There are in all 1759 gray to 484 black, 
the expectation being 1682 to 561. Considering the gray alone, 
there are 1282 sooty to 477 type, the expectation being 1319 to 
440. Considering the black alone, there are 120 sooty black to 
364 black, the expectation being 121 to 363. 

A convenient method of expressing dominance in a reversal 
of this sort is to reverse the relative positions of the symbols 
placing the small letter before the large. In writing the formula of 
a phenotype alternative possibilities may be expressed by symbols 
in parentheses. Thus a moth typical in appearance would be 
either ss.BB or ss.Bb, expressed ss.BB(b): a sooty would be 
SS(s).BB(b): a sooty black would necessarily be homozygous, 
ss.bb: and a black would be ss(S).bb. 

Pairings were made of moths from the Fa or segregating gener- 
ations from matings (125) and (127). The genetic composition 
of these moths must be inferred from their appearance and the 
character of the fraternities produced. The results are of in- 
terest, since they corroborate conclusions concerning the heredity 
of sooty and black. 

Each of four pairs of sooty by sooty produced only sooty, 246 
in all, showing that each pair must have been SS X SS(s) and 
BB X BB(b). 

Each of four pairs of sooty by sooty black produced only 
sooty, 275 in all, show’ing that each pair must have been 
SS(s).BB X ss.bb. 
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Two pairs of sooty by sooty black produced 40 sooty and 50 
sooty black, showing that each pair must have been SS.Bb X 
So.bb. 

A pair of sooty produced 56 sooty and 21 sooty black, showing 
that each parent was SS.Bb. 

A sooty black male paired with a black female produced 5S 
black, showing that the pair was SH.bb X ss.bb. The black 
progeny, sS.bb showed sooty indistinctly as a ^ ghost pattern.’ 

Two pairs of sooty by sooty produced 29 sooty, 12 type, 
1 sooty black, and 10 black. Since sooty, type, and black 
were produced from each mating, the parents must have been 
Ss,Bb. 

A black male paired with a sooty female produced 6 sooty, 
7 type, 3 sooty black, and 4 black. Since both type and sooty 
black were produced the parents must have been sS.bb and Ss.Bb. 
The theoretical ratio would be 3 sooty (1 SS.Bb and 2 Ss.Bb), 
1 type (ss.Bb), 1 sooty black (SS.bb), 3 black (2 sS.bb and 1 

SS.bb). 

A sooty male paired with a type female produced 26 sooty, 
33 type, and 30 black. Since both type and black wore pro- 
duced, the parents must have been 8s. Ill) and ss.Bb. The theo- 
retical ratio would be 3 sooty (1 Ss.BB and 2 Ss.Bb), 3 type 
(1 SS.BB and 2 SS.Bb), and 2 black (I sS.l)l) and 1 ss.bb), Tlie 
expected ratio is 33 sooty, 33 type, and 22 black. 

, A sooty male paired with a black female produced 32 sooty, 

16 sooty black, and 20 black. Since no type were produced, 
the male parent must have been homozygous for sooty, and 
since sooty black were produced, both parents must have carried 
sooty. The cross was therefore SS.Bb X sS.bb. The thcon^t- 
ical ratio would be 2 sooty (SS.Bb and Ss.Bb), 1 sooty black 
(SS.bb), and 1 black (sS.bb). The expected ratio is 34 sooty, 

17 sooty black, and 17 black, to which the actual numbers al- 
though small are very close. 

A pair, sooty male by sooty black female, and tw^o pairs, sooty 
black males by sooty females, produced 66 sooty, 42 sooty black, 
and 16 black. Since black were produced, the sooty parents 
were Ss.Bb. The sooty black parents would of course be SS.bb. 
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This would give a theoretical ratio of 2 sooty (SS.Bb and Ss.Bb), 
1 sooty black (SS.bb),»and 1 black (sS.bb), The expected ratio 
is 62 sooty, 31 sooty black, and 31 black. 

111. SUMMARY AND GENERAL DISCUSSION 

Genetic work on the Mediterranean flour-moth has been handi- 
capped by low fertility of the pairs, due for the most part to 
failure of females to oviposit. 

Variations in size are apparently not hereditary. 

Variations in length and divergence of leg spines, as well as 
abnormalities in external male genitalia, have not been tested 
genetically. 

Defects in the labial palpi are hereditary but very irregular 
in appearance and probably much affected by environment. 

The heredity of color variations and of cleft tongue will be 
discussed below. 

A, The masking of a Mendelian difference hy environment 

It has for some time been recognized that the failure of a 
genetic character difference to appear is not necessarily due to 
the absence from the germ-plasm of the genetic factor or factors 
involved. 

Baur (Tl) has shown that in Primula sinensis both a genetic 
factor and certain environmental conditions are necessary for 
the production of pigment, and in Drosophila Morgan (T5) has 
demonstrated this for production of abnormal abdomen and 
Hoge (^15) for supernumerary legs. 

In moths with cleft tongue, maxillae fail to unite for a vari- 
able part of their length. This abnormality apparently depends 
for its expression on certain environmental conditions, among 
which humidity is important. The hereditary basis may be a 
single factor difference from the normal, but further work will 
be necessary in order to demonstrate this conclusively. 
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B, Reversal of dotniimuce 

Reversal of dominance by sex 1ms been called scx-limita(ion 
by Morgan ( 14). Thi.s phenomenon has been demonstrated for 
orns in sheep by A\ood (’05), for siiperiiuniorarv inmnniao in 
swine ( 12), and color in Ayrshire cattle (’Hi) bv Wentworth 
and for color m the butterfly, Colias philodiee, l)y (ierould t’ll)! 

Variations in dominance are freiiuent and are due to environ- 
ment, age^ or genetic constitution. 

The present studies show a perfectly clear of reversed 
dominance due to a simple Mendelian diffei'ence. Sooty is a 
simple dominant to type, \vhile black is a simple recessive. Id 
the homozygous black moth.s, however, sooty acts as a recessive. 
The dihybrid ratio, therefore, approximates 9 sooty, 3 type, 1 
sooty black, and 3 black. Other ratios are discussed iii the text, 
and it is suggested that reversal of this sort may be expressed 
by reversing the symbols denoting the factors. . Thus hcterozy> 
gous sooty is Ss.BB while heterozygous sooty black is sS.bb. A 
possible explanation for the reversal of dominance in this cas<i 
is suggested under the discussion of the physiology of color 
production. 

C. Analysis of a case of continuous varintion 

The separation of sooty base from type was at first irnpossibh*, 
as moths in single fraternities varied continuously from th(^ most 
pronounced sooty to undoubted type. Tn later generations the 
segregation became sharp in some fraternities, but in others I h(‘ 
intergradation persisted. A hereditary variation which darkened 
slightly the base of the wings, thus showing a sliglit teiuhnuiy 
towards sooty, was probably responsible for some of tlie con- 
fusion. By far the greatest difficulty, howcwnir, resulted 
the variation knowm as dark mid-area or dark. This variation 
has an effect somewhat the reverse of sooty base. It shows 
much intergradation with type, but probably depends upon a 
simple Mendelian difference. The nature of the reverse effect 
of sooty and dark is further discussed in the following section. 
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D. The physiology of color production 

As regards coloratioA of the upper side of the fore-wing there 
is striking symmetry of the proximal to the distal half. In the 
type moth there are black marks near the center. The gray mid- 
area is bounded distally and proximally by outer and inner 
transverse, wavy, black lines. Next to these are the outer and 
inner narrow whitish lines and then the gray marginal and basal 
areas. At extreme margin and base are small black marks. In 
the color variations studied, symmetry is not lost, although 
certain of the markings mentioned are obliterated by intensifi- 
cation or dilution of pigment. 

Color variations may be supposed to depend upon relative 
variations in quantity of a color producer and a color inhibitor. 
Figure 1 expresses the genetic and physiological relationships 
of color production in the proximal half of the fore-wing. The 
conditions in the distal half would be shown by a diagram sym- 
metrical to this. Passing from left to right are shown as labeled 
the conditions at extreme base, basal area, inner white line, 
inner black line, inner half of mid-area, and inner half of median 
spots. The solid heavy curved line labeled C expresses the 
quantity of color producer present in the various regions of the 
wing. It is probable that this is not a single substance, but 
rather a color base and an activating enzyme. The color base 
may be present in greatest amount at extreme base of wing, 
black line, and median spots and in least amount in white line. 
The enzyme may decrease constantly in amount towards center 
of wing. The combination of the curves representing quantities 
of base and enzyme would approximate the curve C. 

The other curves express relative quantity of inhibitor in each 
region for each of the color varieties studied. All of these curves 
are of exactly the same form and each is symmetrical with rela- 
tion to a line drawn through the similarly labeled point in the 
ruled rectangle and at an angle of 45° to the horizontal. The 
curves would therefore coincide where the points superposed. 
The displacement of these points relative to each other represents, 
therefore, the displacement of the curves. 
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Neither the forms of the curves nor the displacements of the 
points are to be taken as in any way exact. They are merely 
approximations which express the genetic and apparent physi- 
ological relationships involved. 

Curve and point T show amount of inhibitor in the tyipe moth. 
The colors of the regions of the wing are printed below in the 
line marked T. Dots, curves, and colors of regions are corre- 
spondingly labeled for the other color varieties. The regions 
of the wings are not, of course, marked off definitely as expressed 
by the perpendicular lines, but grade into each other more or 
less as shown by the curves. 

The recessive variation, black, (b), is represented as a general 
lowering of the inhibitor. Its point is placed four squares di- 
rectly below that for type and its curve is correspondingly an 
equal distance below the type curve. Black, therefore, inhibits 
pigment formation only in the white lines. Variation in this 
respect obtains among individuals of black cultures. The moth 
represented in figure o has only a trace of the white lines. 

The variation, dark mid-area, (d), darkens mid-area and 
lightens base. Its point is placed one square below and to the 
right of type. Its curve then is somewhat below that for the 
color producer in the mid-area and slightly above it towards the 
base. Dark black has its point and curve four points below 
dark. It may be seen to bear the same relation to black that 
dark does to type. A comparison of the curves of black and 
dark black shows how the ‘ghost pattern’ of dark seen in dark 
black is formed. The greater distance from the color producer 
curve of the curve for dark black at mid-area and the lesser dis- 
tance towards the base accounts for the greater intensity of the 
mid-area. 

There is, as stated, much intergradation with type in the dark 
mid-area moths. The points and curves shown in the diagram 
represent only one grade. 

Sooty base has an action somewhat reverse to dark mid-area. 
Heterozygous sooty (Si) has its point two squares above and 
three squares to the left of type and homozygous sooty (S2) has 
its point twice that distance from type. This brings the curves 
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above the developer in mid-area and below towards base. Tliey 
cross the curve for color producer at almost the same point and 
are each at sufficient distance above or below to indicate con- 
siderable dilution or intensification of pigment. Hence tliere is 
almost complete dominance of sooty despite the fundamental 
physiological difference between homozygote and hctcrozygote 
as expressed by the distances between their points and ]>e tween 
their curves. 

This fundamental difference is revealed in the reversal of <lomi- 
ance produced by black. It will be noticed that the points foi’ 
sooty black are four points below the corresponding points for 
sooty. Black heterozygous for sooty (Sib) therefore has its 
curve entirely below the developer curve, except at the white 
line, while the curve for homozygous sooty black (Ssb) closely 
approaches the developer curve in the mid-area, thus producing 
dilution of pigment. The difference in the course of the curve 
for black heterozygous for sooty from the curve for black accounts 
for the 'ghost pattern/ which is as expected the reverse of that 
seen in dark black. 

The explanation here suggested for the reversal of dominance 
shows that while black acts as a dominant over sooty black, it 
is really an 'absence/ a lack of something possessed by sooty 
black. Let it not be supposed that this has anything to do with 
the much discussed 'presence-absence’ theory. We arc here 
dealing with physiological phenomena which are correlated with 
genetic factors. The greater amount of inhibitor in gray moths 
corresponds wdth the presence of the factor for gray and the 
absence of the factor for black, while the lesser amount in black 
moths corresponds with the presence of the factor for black and 
the absence of the factor for gray. 

Curves corresponding 'with sooty dark are not shown. lh(‘ 
effect of dark upon sooty is obvious, since the points for the two 
move in opposite directions from type. 

The hypothesis advanced here to explain color productir)n 
might be modified so that certain of the factors should affect 
the concentration of the activating enzyme rather than that of 
the inhibitor. In this case the displacement of the enzyme; 
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curves would of course be in the opposite direction from that 
assumed for the inhibitor curves. 

While the curves for inhibitors have all been drawn for con- 
venience to the same form, it is obvious that the facts are in 
agreement with the supposition that the curves represent waves 
of slightly different lengths. In general the crests are at base 
and outer margin, while the troughs are in line with the median 
spots. Dark shortens the wave, making the trough slightly 
deeper. Sooty lengthens the wave considerably, making the 
trough shallower. Black merely reduces quantitatively without 
changing the form. 

Changes in length of waves may be compared to the effect 
of the different factors’ in the banding series in cats (Whiting, 
^18). Bands of three different widths as seen in tabby cats are 
determined by three factors apparently allelomorphic. The 
narrower bands are dominant over the wider. It seems probable 
that in this case the bands represent- waves of varying metabolic 
activity rather than concentration of definite enzymes or 
inhibitors. 

Change in quantity of inhibitor without change of form of 
waves may be compared to agouti series in mammals. In- 
dividual hairs show bands of yellow more or less wide according 
to the quantity of inhibitor for black present. It is probable 
that the length of waves of concentration is not modified. 
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PLATE 1 

EXPLANATION OF FIGURES 

♦ 

a Oblique view of head showing median palpus and tongue with coil pushed 
to the side. 

b Side view of tip of male abdomen. 

c Side view of head of type moth, showing tongue partially uncoiled. 
d Oblique view showing tongue uncoiled and palpi asymmetrical. 
e Side view of tip of female abdomen. 

/ Side view of head of black moth, with normal mouth parts. 
g Ventral view, palpi very small, tongue cleft to base wuth elements diverging 
laterally. 

h Side view showing tongue uncoiled and partially cleft. 
i Ventral view, pupal cap retained, tongue cleft to base and elements coiled 
at sides, 

j Side view of head of black tongueless moth. . 
k Ventral view of head of black tongueless moth. 

I Side view showing tongue uncoiled and palpi short. 
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PLA'l'E 2 

KXPLANATIOS OF Fi(,ura:i^ 

ui Typo tnoth, l^B (b). 
n Soot v-l):iso tiioth. SS (s). BB (b). 
u iibu'k moth, ss (S). bh. 
p Sooty bluok moth, SS. bb. 
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PROLONGATION OF LIFE OF TRIBOLIUM ('ON- 
FUSUM APPARENTLY DUE TO SMALl. 

DOSES OF X-RAYS 

WHEELER P. DAVEV 

FOUR FIGITRKS 

In a previous article* experiments were (iescribed \\’]ii(*h 
showed, l)‘that x-rays, when given in sufficient ([uantity, were 
able to shorten the life of Tribolium confusum, and 2) that llur 
length of life after x-raying could be expressed l)y a mathematical 
formula, the theoretical derivation of which was given. It is the 
purpose of this article to give the results of further (‘xperiments 
showing that it is apparently possible to lengthen materially the 
life of Tribolium confusum by giving sufficiently small doscis of 
x-rays. 

In the article quoted above curves were giv('n sli owing that 

MAM 

the minimum dose necessary to kill all the beetles was 500 
at 50 KV.- Some of the less resistant beetles could be killed l)y 
smaller doses, but the curves for 100 and 200 " at 50 KV^ 

had portions in which the death rate was lower than that of tln^ 
controls. Comment on this was reserved until it could l)e con- 
firmed by further experiments. Ample confirmation has now 
been obtained. 

The experiments undertaken fall into two groups: A, those 
in which very small doses of x-rays were given daily throughout 
the life of the beetles; B, those in which the x-ray dose was givcm 
all at one time, as in the work previously published. In each of 

* Journal of Experimental Zoology, vol. 22, no. 3, April, 1017, 

U.e., 500 milliampere-minutes at 2.5 cm. distance at -50 'root-mean stpiare/ 
kilovolts. 
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these groups of experiments it has been shown possible to dupli- 
cate results time after time, subject only to those general limita- 
tions which are inseparable from biological work. Typical ex- 
periments in each group will be described below. Apparatus 
and technique were the same as in the work previously reported. 
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A. PROLONGATION OF LIFE DUE TO SMALL DAILY DOSES OF 
X-RAYS 

Six groups of approximately 950 individuals each were taken. 
These were known as groups IV, IW, IX, lY, IZ, JA, 

Group IV was the control. 

M \M 

Group IW was given 6J at 50 KV, - 25 MA. daily. 
M\M 

Group IX was given 12^ at 50 KV. - 25 MA. daily. 
25- 

MAM 

Group lY was given 25 — — at 50 KV. - 25 MA, daily. 
25 ^ 


Group IZ was given 


50 


MAM 

25 ^- 


at 50 KV. 


25 MA, daily. 


Group JA was given 100 


M^ 

252 


at .50 KV. - 25 MA. daily. 


After 159 days the beetles were practically all dead. Tlie 
data on the death rates were then collected and plotted as shown 
in figure 1. These graphs furnish ample proof that it is possible 
to reduce the death rate of Tribolium confusuin by small daily 
doses of x-rays. 

Table 1 gives readings from these graphs to the nearest whole 
number. 


TABLK I 


PKR CKN'T OP DK.^I) 


NUMBER DAYS 


Group IW, 

Group IX, 

Group IV, , 

Group IZ, I 

! Group J.\, 

AFTER RATtNQ 

Group IV, 
control 

MA.M , 


25 - at 

^ M.1 M , 

■jO - 'it 

M at 



50 kv. daily 

50 kv. daily 

50 kv. daily 

1 50 kv. daily 

1 

,50 kv. daily 

i 

10 

17 

17 

14 

11 

12 

20 

20 

34 

29 

2.5 

21 

28 

09 

30 

46 

35 

30 

28 

39 

79 

40 

51 

42 

36 

34 

55 

90 

50 

54 

47 

40 

39 

07 

90 

60 

58 

.53 

44 

44 

77 

99 

70 

63 

' 59 

48 

52 

88 

' 100 

80 

67 

65 

56 

i 0:1 

% 


90 

74 

74 

09 

79 

9S 


100 

1 84 

83 

84 

91 

m 
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These readings, taken from the smooth curves of the graphs, 
do not differ from the actual experimental data by more than 1 
per cent. 

Except while being x-rayed or counted, the beetles were kept 
in an incubator at 34 to 35°C. In order to make sure that the 
results were not affected by some possible temperature co- 
efficient of life,^* the controls were taken out of the incubator 
while group JA was being rayed, and were kept out during the 
whole raying. Since group JA was rayed the longest time each 
day, this meant that the controls were cooled off for a longer 
time than groups IW, IX, lY, IZ. Therefore, if cooling off for a 
few minutes each day happened to tend to increase the length 
of life, then the controls were made to live longer than they 
otherwise would. The actual increase in length of life observed 
in groups IW, IX, and lY is, therefore, not due to any possible 
effect of temperature, but occurs in spite of it. After so many 
boxes of beetles in JA were dead that the time of raying group 
IZ was greater than the time of raying JA, the controls were 
kept out of the incubator while group IZ was being rayed. 

Some data not given in the graphs may be of additional in- 
terest. Each group was divided into two subgroups of about 
the same number of individuals each. It was found that the 
idiosyncrasy was great enough so that the curves of the corre- 
sponding subgroups could not be exactly superimposed. How- 
ever, it was found that this idiosyncrasy was always less than 
the changes in death rate caused by x-rays. By way of illustra- 
tion, table 2 shows the percentage of beetles dead in each sub- 
group, a) on the day when 50 per cent of the controls were dead; 
(b) on the day when 50 per cent of the x-rayed group were dead. 
This table shows that the lowest death rate amoi^ the controls 
(group IV) was higher than the highest death rate among the 
beetles of groups IW, IX, lY. 

It is interesting to note in this connection that the total dose 
received by these beetles was greatly in excess of that minimum 
dose which, when given all at once, would have caused pre- 
mature death. 

* Loeb and Northrup, Proc. Nat. Acad. Sci., Aug., 1916. 
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TABLE 2 



PER CENT OF TRIBOl.lCM COM’I Sl'M 

* 

QBOUF 

Approximately 50 per cent controlg 

1 Apprnxiinatflv .K) tHToonf 


dead 

triboliuni m 

iidu.suiii d(‘ad 


Subgroup (1) 

Subgroup (2) 

Subgrc'cip (H 

j Suhgrouti (L'i 


3Dth day 

.Midi day 

IV 

47.7 

54,2 

.52 S 

(lO.O 

IW 

41.6 

42 1 

48.1 

.5 2 3 


39th day 

7nh 

day 

IV 

47.7 

51.2 

,59 9 

70 3 

IX 

32 4 

38.3 

44,7 

54.1 


39th clay 

Ci'tli day 

IV 

47.7 

54 2 

.58, (i 

<kS,2 

lY 

31,7 

36 7 

4S .5 

.50 2 


39th day 

1 , ItSth 

day 

IV 

47.7 

54 2 

40 8 

,53.4 

IZ 

52.9 i 

54 5 

50.1 

1 .52.4 


39th day 

llth day 

IV 

47.7 

r>i.2 

22.1 

24.9 

JA 

88.5 

91.7 

43.7 

46 'H 


A further analysis of the data of grouj:>s IV to JA will be of 
interest. The curves shown in figure 1 were each replotted on 
probability paper^ (fig. 2). It was found that each curve was 
composed of portions of three accurate probability curves, 
joined end to end. It is as though there were three causes of 
death, or perhaps three definite groups of ages. These three 
portions of the death-rate curve will be termed A, B, and C. 
Portion C represents those beetles which lived the longest in 
their group. 

* The ordinates of probability paper are so spaced that the ordinary curve of 
the probability integral is represented by a straight line. 
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TABLE 3 


GROUP 

DAILY DOSE 

PER CENT DIKO 

A 

n 1 

0 

IV 

Control 

44 

26 1 

30 

IW 

61 

32 

36 j 

32 

IX 

121 ! 

26 

26 ; 

4S 

lY 

25 

21 

35 

44 

IZ 

50 

23 

01 

16 

JA 

100 

64 

17 1 

10 


Table 3 gives the death rate per 100 in oaeh group for A. 11 
and C. 

It is evident that the smallest daily dose (group l^^") deen'ases 
the death rate of AV and that those beetles which are k(»pt from 
dying of die of 'B.’ Deaths from cause arc iR’actically 
unaltered. A larger daily dose (group IX) causes about half of 
those which would normally die of ‘A’ to die of T'/ A still 
larger daily dose (group lY) causes lialf of those \vliich would 
have died of AV to die of and AX' A still larger daily dose 
(group IZ) acts much like the previous dose in causing almost 
half of those which would have died of to die of Ml,’ but it 
differs from it in that some of those which would have died of 
are prematurely killed. The largest daily dose em])Ioy(‘d 
(group JA) caused about a third of those which would have died 
of and to die of 

It is hard to interpret all this. It may be that life camujt 
exist except in the presence of a small amount of radio-activity. 
The radio-activity of the earth may not ha\T been of the 
optimum value, so that some benefit was derivcMl from the x-rays 
received each day. The following is an effort at. an alternative 
explanation. The evidence given by group JA shows that the 
lethal action of x-rays is tied up in some way with cause (ff 
death 'A.’ It is well known that the lethal axdion of x-rays is 
more marked on cells in the process of division than on tliose in 
the resting state. Therefore, small daily doses (larger than a 
certain minimal value) can kill off those few cells which happen 
to be in a state of division at the time of raying. The death of 
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these few cells stimulates the production of more to take their 
places between the periods of raying. Therefore, small daily 
doses, instead of increasing the death rate from cause 
actually decrease it by stimulating the processes of repair. The 
whole individual beetle, therefore, has a smaller chance of dy- 
ing from ‘A' and is compelled to die of either ‘B' or ‘C.’ When 
the daily dose is increased to such a value that the daily de- 
struction of cells is equal to or greater than the production of 
new cells, premature death occurs, from causes ‘B' or ‘A’ (see 
groups IZ and JA). 

B. PROLONG ATIOX OF LIFE DUE TO SMALL SINGLE DOSES OF 
X-RAYS 

Five groups of approximately 850 individuals each were 
taken. These were known as groups JB, JC, JD, JE and JF. 

Group JB was the control. 

- 50 M.A. 

- 50 M.A. 

- 50 M.A. 

- 50 M.A. 

The beetles were rather old, so that the controls were all dead 
on the fortieth day of the experiment. There were so few bee- 
tles still alive after the thirty-fifth day that the results of the 
last five days are not of the same order of accuracy as those of 
the first thirty-five days. 

The first ten days of the experiment, group JC (100 

25 ® 

at 50 KV.) had the same death rate as the controls. After the 
tenth day the death rate was considerably less than that of the 
controls. The two groups were divided into two equal sub- 
groups, and although it was found that the idiosyncrasy was 
such that the subgroups were not exactly alike, still, after the 


(jroup JC was given 100 at 50 KV. 

"" 25® 

MAM 

Group JD was given 200 — ^ at 50 KV. 

25® 

MAM 

Group JE was given 300 at 50 KV. 

25® 

MAM 

Group JF was given 400 — — at 50 KV. 
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tenth day, the highest death rate of JC was lower than the 
lowest death rate of the controls. 

During the firet seventeen da\^'s of the cxperiinont crono JD 
MAM 

(200 at 50 KV.) had a higher death rate than the controls. 

After the seventeenth day the death rate of groui> JD was h‘ss 
than that of the controls. After the twentietli day the death 
rate of JD was identical with that of JC. AVheu divided iiilo 
two equal subgroups, as described above, it was found tliat after 
the twenty-second day the highest death rate of group .11) was 
less than the lowest death rate of the controls. 


During the first twenty-nine days of tiie experiment tlu' 


death rate of group JE (300 


M.\.M 

25 ^ 


at 50 KV.) was greater than 


that of the controls. After the twenty-ninth day the death rate 
of JE was less than that of the controls. 


The death rate of group JF (400 at 50 KV.) was at all 

25- 

times greater than that of the controls. 

These results are sho\vn graphically in figure 3. Figui-e 4 
contains an analysis of these same curves by means of prol)- 
ability paper, showing that, as in the case of experiment A, the 
curves are composed of accurate portion.s of probability curves 
placed end to end. 

All of the above results seem to be a direct confirmation of 
the curves given in the previous paper (loc. cit.). The efT(‘ct of 
concentrated single doses is not nearly so marked as the cfTect 
of a series of small ‘homeopathic’ doses. This seems to be much 
the same law as is already well known in serum therapy and in 
the action of certain drugs. In the case of serum therapy, this 
law has been shown to be identical with the law of adsorption. 
If it could be rigorously shown that the effects of exposure to 
x-rays follow the same general law, we should conclude that the 
x-rays are responsible for the production of some .substance, 
perhaps in the blood, which is later adsorbed. 
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SUMMARY 

1. It has been ishown, that the life of Tribolium confusum may 
be prolonged by the use of a purely physical agent, i.e,, x-rays. 

2. The prolongation of life due to a series of small daily doses 
is greater than that of larger doses given all at once, 

3. The lethal effect of an x-ray dose is less if it is split up into 
a series of small daily doses than if it is given all at once. 

4. A method of graphical analysis of results has been de- 
scribed by which the number of causes of death may be de- 
termined from the death rate, and by which the effect of an 
external agent upon each of these causes may be studied. 

5. Using the same kind of organism throughout the whole 
experiment, the work reported in this and the previous paper 
has shown that, by merely varying the size of the dose, a purely 
physical agent (x-ray) may be made to produce at will, 1) a 
stimulation; 2) a destructive effect which occurs only after a 
latent interval, and 3) an instant destructive effect. 


Rftsearfh Laboratory, 
General Electric Co., 
Schenectady, N. Y. 
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ArrHOS’s AB3TBACT OF THIS PAP*B laSriD 
BT THB fllBUOQB-APHlC BIRVICB, JUNE 2 


ON THE PHYSIOLOGICAL PROPERTIES OF THE 
GONADS AS CONTROLLERS OF SOMATIC AND 
PSYCHICAL CHARACTERISTICS 

II. GROWTH OF GONADECTOMIZED MALE AND FEMALE RATS 
CARL R. MOORE 

Hull Zoological Laboratories, The Vfiiversity of Chicago 
ONE FIGURE 

During a study of the effects of transplanted gonads in modi- 
fying somatic and psychical characteristics in inaiumais/ it 
was highly desirable to know the relations of the growth cur\'o 
of gonadectomized male and female rats before the eff(‘cts of 
homoplastic transplantation of gonads could be correctly 
interpreted. 

Many investigators have shown that the growth (airve of 
normal male rats is consistently and considerably above that of 
normal female rats.^ Steinach,-^ after gonadectoiny of young 
male and female rats and subsequent transplantation to (‘ach of 
the gonad of the opposite sex, noticed that the growth (weight) 
of the females had a tendency to be abo\^e the normal for females 
and that of the males to be lowered from the normal for un- 
operated males, provided the transplantations were successful; 
and he has not oi^ly associated these changes with a supposed 
modification of sex, but has used the changes as a criterion of 
sexual changes. 

Stotsenburg, however, in a careful scries of experiments, has 
shown that the elimination of the ovaries of young female rats, 
without the subsequent transplantation of testis, causes the 
growth curve of the spayed females to be increased 17 per cent 

^ Moore (’19). 

* See Donaldson (’15). 

sSeeSteinach (10, ’ll, 12, ’13). 
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to 30 per cent above that of normal females;* he has proved also 
that the removal of the testis from young males does not in- 
fluence the subsequent growth curve as compared with normal 
males. 

As the presence of the gonads, at least in case of the female 
rat, is a modifying element of the growth curve, it is highly 
desirable to know whether there is a difference in the growth 
of the two sexes aside from any influence exerted by the gonads. 
Is there a latent, potential, sex difference between the male and 
female growth aside from any modification brought about by 
the presence or absence of the sex glands? Stotsenburg’s data 
as presented are not adequate for giving an answer to this 
question. 

This paper contains the results of a comparison of the growth 
of completely castrated males and spayed females of the same 
litters and shows conclusively that there is constantly a differ- 
ence in weight in the two gonadectomized sexes. The spayed 
females do increase in weight relative to the normal females and 
approach more nearly the weight of the males, but in every case 
the males are hea\ier than the females. 

MATERIAL 

Seven litters of the common white rat (Mus norvegicus 
albinus), composed of fifty-four rats, forty of which were 
castrated or spayed, the remaining fourteen ser\dng as controls, 
constitutes the material used. Each litter was kept in a sepa- 
rate cage, but in the same room during their growth, and the 
entire experiment was confined to the period ?rom November 29, 
1917, the birth of the oldest litter used, to September 1, 1918, 
when the last weighing was made; and since the weight of each 
litter w^as recorded for 180 days, it will be realized that corre- 
sponding weights for each litter were made at comparatively the 
same time of year. 

The diet used was a constant one and consisted of milk and 
bread daily, a small amount of meat twice each week mixed. 


* Stotsenburg (US). 
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with the bread and milk and a small amount of grain (corn or 
oats) placed in the cage once each week. The rats were allowed 
to eat all they would at one time each day and weighings were 
made seven to ten hours after the meal. 

Gonadectomy was performed under anesthesia at ages of 
twenty-three to thirty days, and the gonads were removed from 
both sexes by a midventral incision. 

Table 1 is a tabulation of the material used; the normal male 
and female served as controls, though the relation of operated to 
unoperated animals is not considered in this paper. 


TABLE 1 


LITTBB 

1 AGE AT OPERATION ' 

NUMBER OP MALEfl 
CASTRATED 

NUMHEH or 

! FEMALES 8PAYED 

CONTHOIJI NORMAL 


days 




11 A*B5 

23 1 

2 

G 

1 q", 1 5 

30 A^B^ 

26 ! 

3 

3 

Ic', 19 

48 A‘B» 

30 

3 

3 1 

19 

24 A>Bi 

51 

2 

2 

1 9 

17 A‘B‘ 

29 ■ 

3 

3 

Id', 19 

25 A^B^ ' 

26 

3 

3 

19 

38 A^Bi 

31 

2 

2 

lo', 19 

Totals seven litters 

18 

22 



Stotsenburg has already stated that, at about 2(X) days old, 
many times rats are affected by certain ailments that interrupt 
the ascent of the normal growth curve, and for this reasf)n, as 
well as on account of the death of several animals, the weight 
records only include growth up to 180 days. But considerably 
before this time the rats -would have been sexually mature and 
entirely adult. 

Table 2 is a tabulated record of the average weight of indi- 
viduals of each sex in each litter from the time of operation up 
to the 180th day, as well as the number of individuals of each 
sex in the litter at that age; the last column is the percentage of 
the weight of the males above that of the females at each v eigh- 
ing, the percentages having been calculated from the average 
weight of the individuals of each sex as given in the table. An 
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TABLE 2 


LQt IK OATS 

CASTBATEP UAhW 

SPATIP TKMALBB 

WBIQHT OP MALES 

Numbir of 

Average weight 

Number of 
animtJs 

Average weight 

ABOVE FEMALES 


Litter 11 A*B* 


(fsvs 


PPOWM 

! 

STamt 

per Cent 

23 

2 

26.0 

6 

24.6 

1.6 

46 

2 

58.0 

6 

53.3 

9.7 

59 

2 

91.0 

6 

79.5 

14.4 

90 

1 

122.0 

6 

106.6 

15.0 

120 

1 

170.0 

6 

140.1 

21.4 

150 

1 

208.0 

6 

165.0 

26.0 

180 

1 

207.0 

6 

162.4 

27.0 


Litter 30 


26 

3 

26.0 

1 

! 3 

26.3 

-1.1 

46 

3 

58.0 

’ 3 

66.0 

3.5 

59 

3 

93.6 

3 

85.0 

10.1 

90 

3 

124.0 

3 

109.6 

13.1 

120 

3 

167.0 

3 

142.0 

17.6 

150 

3 

199.0 

3 

174,0 

14.3 

180 

3 

188.3 

3 

164.0 

14.8 

Litter 48 A^B^ 

30 ! 

3 

22,0 

^ i 

19.6 

12.2 

43 

3 

30.6 

3 

26.6 S 

15.0 

60 

3 

59.0 1 

3 

50.0 

18.0 

90 

3 

110.6 

3 

93.6 

18.1 

120 

3 

136,0 j 

3 

122.6 

10.9 

150 i 

3 1 

142.6 1 

3 1 

130.0 1 

9.6 

180 

3 

161.6 

3 

148.0 

9.1 


Litter 24 A^B^ 


51 

2 1 


2 

49.0 

12.2 

97 ' 

2 


2 

117.6 

S.S 

120 j 

2 

152.5 1 

2 

136.0 

12.1 

150 

2 


2 

169.0 

5.3 

180 

2 

185. 0 

2 

172.6 

7.2 


Litter 17 A^Ri 


29 

3 

27.0 

3 

27.0 


45 

2 

48.5 1 

3 

49.6 

-2.2 

60 

2 

73.0 

3 

74.3 

-1.3 

90 

2 

106.0 

3 

100.0 

6.0 

120 

2 

149.5 

3 

134.6 

11.0 

150 i 

2 

163.5 

3 

139.3 

17.3 

180 

• 2 

176.5 

3 • 

155.0 

13.2 
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TABLE 2— Conrinucrf 


AGl IK DATB 

CA8TR.VTKD UALES 

SPATEDrEN.^LCS 

WIIOUT OPM.VLtS 
ABOVE FEMALEa 

Number of 
aaimalt 

Average weight 

Number of* 
animala 

Average weight 

Litter 25 

days 

■ i 

grams 


l^rarna 

per emt 

26 

3 

28.6 

3 

27.3 

4.7 

41 

3 

54.6 

2 

47.0 

16.0 

63 

3 

88.6 

2 

7S.5 

12.8 

90 

3 

130.3 1 

2 

95.5 

lULl 

120 

3 

157.3 

2 

125 0 

25.8 

150 ; 

3 

190.3 

2 

14S.5 

28.1 

180 

3 

195.0 

2 

156.5 

24.6 

Litter 38 A‘B^ 

31 

2 

35.0 

2 

31.0 

12.9 

44 

2 

59.0 j 

2 

51.0 

15.6 

. 60 

2 

89.0 

2 

8.5. 5 

4.0 

90 

2 

117.5 

2 

111.5 

5.3 

120 

2 

161.5 

2 

148,5 , 

8,7 

150 

2 

- 194.5 

2 

177,0 

9.0 

180 

2 

199.0 j 

2 

182,5 

9.0 


examination of this percentage column shows that only in four 
instances was the average female weight equal to or greater than 
the average male weight of a given litter. The weight of the 
males in these four cases, not only reached that of the females 
before the age of sixty days, but increased gradually as growth 
continued. 

By using the average weight of each sex of each litter at 
comparative ages as given in table 2, the average weight of the 
males and females of all seven litters has been expressed in the 
form of a growth curve in figure 1. The broken lines from 
thirty to sixty days is only approximately correct due to the 
fact that all Utters were not weighed at exactly the same age 
prior to the sixtieth day. 
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>eginning, all litters were not weighed at exactly the same age; this part of the curve is only approximal 
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DISCUSSION 

The primary object of these experiments was, first, to de- 
termine to what degree constant weight differences between the 
normal male and female rat were determined by the sex glands, 
and, second, to provide a basis for interpretation of weight 
differences in case of homoplastic transplantation of the gonads. 

In stud 3 dng the effects of the influence of the gonad of one 
sex on modifying the somatic and psychical development of the 
opposite sex (a repetition of the experiments of E. Steinach), 
the writer has differed from Steinach in the interpretation of 
the results obtained. Steinach has placed considerable emphasis 
on modification of body weight of rats and guinea-pigs following 
removal of the normal gonads and the substitution of the oppo- 
site one by transplantation. If these transplantations were 
successful — i.e., if the graft persisted and grew— according to 
Steinach, the male became ' feminized’ and, compared wdth 
normal males, relatively decreased in weight as development 
proceeds, while the female became ‘masculinized’ and corre- 
spondingly increased in weight in comparison with unoperated 
females. These changes from the nonnal weight for the sex he 
associates with the presence of the secretion of the implanted 
gland; the female increased in weight because a secretion from 
the testis was present in the female into which it had been 
placed, and having this male secretion the weight of the indi- 
vidual increases toward the normal weight of a male and away 
from that of a female. In case of a secretion of the ovary in a 
male animal, the weight of this feminized male approaches tiiat 
of a normal female. 

Stotsenburg (^09), however, has shown for rats, that the 
presence of the secretion of the testicle has absolutely no in- 
fluence upon the growth of the individual. Also (’13) he has 
proved that the mere removal of the ovaries of young rats 
results in an increase of from 1 7 per cent to 33 per cent compared 
with unoperated females. 

Considering these findings, the writer has found it impossible 
to associate weight differences with different degrees of maleness 
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or femaleness in all cases after transplantation of the gonad of 
the opposite sex. The ^female increases in weight not because 
of the influence of the secretion from the transplanted testis, but 
solely on account of the removal of the ovary, which alone seems 
to have any influence upon the growth of the animal. There 
seems to be no doubt that the presence of the ovary does prevent 
the normal ascent of the growth curve. In order to know 
whether this sex difference in weight was due entirely or only in 
part to the influence of the secretions of the gonads, the pre- 
ceding experiment was carried out. The results show very 
conclusively that there is a real difference between the capacity 
of the two sexes to accumulate somatic materials when there are 
no secondary influences that may be attributed to the influence 
of the gonad. As table 2 shows, this difference has been 
exhibited at each stage by each of the seven litters used. 

It is interesting to consider this potential weight difference 
of the ^determined male’ and the * determined female’ in their 
development in the light of Riddle’s theory of sex.^ Riddle and 
his co-workers have demonstrated actual differences in the 
chemical constitution of male-producing and female-producing 
eggs of the pigeon. He has not only shown that the female- 
producing egg contains a greater phosphatide content and a 
lesser percent^e of water, but he has also demonstrated that these 
chemical differences found in the dimorphic ova of birds are 
carried over into the adult life of the bird.* His idea is that 
sex determination is based upon a higher rate of metabolism of 
the ovum producing a male than of that producing a female, 
and several researches are cited to show that the same relative 
rate of metabolism persists in the adult male and female. It 
has occurred to the writer that these basic differences in weight 
of the two sexes of rats may also indicate a possible difference 
in metabolism inherited from the original ovmn from which 
each had been developed. But aside from the primary differ- 
ences that may exist in the determined male or female, the 
secondary mfluences that make the female a more apparent 


» Riddle (17). 

* Lawrence and Riddle (16). 
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female and the male a more apparent male are due to the 
presence of the specific gonadSj and those differences, in many 
cases, have proved themselves capable of being controlled to a 
certain extent. 

CONCLUSIONS 

After early removal of sex glands the growth curve of the 
determined male is (without exception in these experiments) 
higher than that of the determined female. There is, there- 
fore, a real difference (of metabolism?) in the two sexes, which 
may represent an inherited difference from the original ova, but 
this difference may be accentuated by the presence of the ovary 
in the female. 

HuU ZcK^ogioal Laboratories, 

The University of Chicago, 

February 17, 1919. 
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THE INEFFECTIVENESS OF OXYGEN AS A FACTOR 
IN CAUSING MALE PRODUCTION IN 
HYDATINA SENTA^ 

DAVID D. WHITXEV 

Departfnent of Zoology, University of Nebraska, Lincoln, Nebraska 

Recent papers by Shull and Ladoff (T6) and Shull (T8) main- 
tain that a sufficient amount of dissolved oxygen in the culture 
water will cause an increase in the production of males in the 
rotifer Hydatina senta. Whitney (T7) explained these results 
obtained by Shull and Ladoff as being due to the effect of oxygen 
upon the food supply which in turn effected the production of 
males. Later, Shull made further experiments which seem to 
demonstrate th^t oxygen is really a potent influence in causing 
males to be produced. Not being convinced, however, that the 
problem was finally settled, new experiments were undertaken 
by the author, which in their turn seem to show that oxygen in 
itself is not effective in causing males to be produced. 

METHOD 

In all of the experiments old culture water was used which 
had been made out of rain water and horse manure several weeks 
or months previous to the beginning of the present experiments. 
Tills culture water was such that when it was a few weeks old 
rotifers readily lived in it, and they also lived in it just as readily 
when it was several months old provided food was put into it. 

The best food supplv in these experiments seemed to be a 
mixture of green flagellates, Chlamydomonas, and colorless flag- 
ellates, Polytoma. A pure diet of Chlamydomonas used for 
several successive days was detrimental to the rotifers. Many 
of them would gorge themselves on this food so that their stom- 
achs would burst and allow the contents to fill «he whole body 

I Studiea from the Zoological Laboratory, The University of Nebraska, no. 121, 
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cavity, thus causing death, while in others the Chlamydomo- 
nas would form a dense and compact mass in their stomachs 
which also caused death. By mixing a small proportion of 
Polytoma vith the Chlamydomonas, both of these troubles were 
avoided. The Chlamydomonas was raised in large quantities in 
bouillon solution in direct sunlight and the Polytoma was raised 
in stable tea in darkness. The details of rearing both of these 
flagellates have been published in former papers. 

In many of the experiments the amount of food was measured 
in a graduated pipette. The Chlamydomonas and the Polytoma 
were each separately centrifuged and all of the original culture 
water drained off. Then just enough old stable-tea culture 
water was added to allow the Chalmydomonas and Polytoma to 
be drawn up into the pipette. In this way the amount of food 
could be quite accurately measured and regulated at will in 
each experiment. 

It was found that the Chlamydomonas could be transferred 
from the sunlight to absolute darkness and would remain alive 
and active for several days, the duration of activity being 
somewhat dependent upon temperature. 

The amount of oxygen, number of cubic centimeters per 
liter, whenever determined in the experiments was determined 
by the Winkler method described in Standard Methods of Water 
Analysis published by the American Public Health Association 
of Boston. The sodium thiosulphate solution was standardized 
against potassium dichromate about three times per week. 

The following experiments are not arranged chronologically, 
but are so arranged as to present the evidence and data in a 
logical manner. 

EXPERIMENTS 1BHOWINO THE PRODUCTION OF OXYGEN BY 
CHLAMYDOMONAS IN DIRECT SUNLIGHT 

It was considered desirable to determine how much free oxy- 
gen is ^ven off by Chlamydomonas when the culture is in 
the direct sunlight for several hours. Varying quantities of 
Chlamydomonas were put into about 50 cc. of old stable-tea 
culture water and poured into stender dishes, 1 inch in diameter, 
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and placed in k pan of running water in the direct sunlight. 
The running water maintained a temperature of 20® to 25®C, 
The old stable-tea culture water had been standing in a north 
light for several months and had only a small amount of free 
oxygen in it. This made an excellent starting solution. Usually 
after a short time in the sunlight the Chlamydomonas would 
emit free oxygen in sufficient quantities to rise to the surface in 
minute bubbles. After several hours in the sunlight there was 
formed usually a frothy scum on the surface which was composed 
of these minute bubbles of oxygen. 

Table 1 shows some of the details and the results of these few 
experiments. Experiments 1 and 3 show the amount of oxygen 
generated in periods of one hour, two hours, and four hours, 

TABLE I 

Shomng that in sunlight the green fiagellates, Chtamydomonas, give off considerable 
quantities of free oxygen in old stable culture water ihal is devoid of all 
food substances 


1 

s 

m 

LOTS 

UOQT CONDITIOK8 

TIME, 191$ 

•< 

M 

M 

ti K 

P ** 

4 

a 

8 

h 

s 

►fe 

M E 

p at 
t; a 

B ^ 

P4 

H 

h 

s: 

0 





cc. 

ce. 

ec. 

ce. 

r 

A 

North light 

Several weeks 

42 

0 

42 

5.31 

1 

B 

Clouds and sunshine 

2-^ P.M., Oct, 31 

50 


42 

6.14 

1 

C 

Clouds and sunshine 

2-4 P.M., Oct. 31 

50 


42 

8.5,5 

2 


Sunshine 

Several hours, Oct. 30 

50 

i 

42 

14.80 

( 

A 

North light 

Several weeks 

42 

0 

42 

4.81 


B 

Sunshine 

10-U A.M., Nov. 1 

50 


42 

6.6 


C 

Sunshine 

10-12 A.M., Nov. 1 

50 


42 

7.41 

1 

1 

D 

Sunshine 

12 M.-4 p.m.jNov. 1 

50 


42 

16 50 

4 


Sunshine 

9 A.M.-4 P.M., Nov. 9 

50 

1 

42 

14.80 


A 

North light 

Several weeks 

42 

0 

42 

3,24 


B 

’ Fair 

10 A.M.-3 P.M., Dec. 16 

50 

0 25 

.50 

6 . 66 

5 ^ 

c 

Fair 

10 P.M., Dec. 16 

50 

0.50 

50 

9 85 


D 

Fair 

10 A.M.-3 p.M,, Dec. 10 

60 

0.75 

50 

13.13 

J 

E 

Fair 

10 A.M.-3 P.M., Dec. 16 

50 

1.0 

50 

16,42 
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while experiment 5 shows the amount of oxygen generated by 
varying quantities of Chlamydomonas during a five-hour period. 
It may be readily 'seen iif the last columns of the table that the 
amount of free oxygen is greatly increased in the sunlight. 

TABLE 2 


Skoiving. tha^ old culture water free /row decomposing ^naterials and containing 
only a small quantity of free oxygen gradually absorbs additional free 
oxygen from the surrouhding air , 


K a 

K 

LOT 

TIMK, 1918 

CULTURE 

WATER 

tested 

OXYGEN 

PER 

LITER 

WATER 





CC. 

CC. 



'( 

A 

4 P.M., Nov. 9 

42 

7.97 

Tap-water 


B 

4 P.M., Nov. 9 

42 

7.02 

Tank rain-water 



A 

4 F.M., Nov. 7 

42 

1,51 

Old culture water 

Unfiltered 


B 

4:15 p.M., Nov. 7 

42 

^ 2.27 

Old culture water 

Filtered 


C 

5 P.M., Nov. 8 

42 

4.55 

Old culture water 

Filtered 

2 i 

D 

4 P.M., Nov. 9 

42 

6. S3 

Old culture water 

Filtered 


E 

11 A.M., Nov. 10 

42 

7.69 

Old culture water 

Filtered 


F 

5 P.M., Nov. 11 

42 

7.90 

Old culture water 

Filtered 

\ 

A i 

9 A.M., Dec. 17 

.50 

2.62 

Old culture water 

Un filtered 

J 

B 

10 A.M., Dec. IS 

50 

4.92 

Old culture water 

Filtered 

n 

C 

10 A.M., Dec. 19 

50 

6.56 

Old culture water 

Filtered 

i 

D 

9 A.M., Dec. 20 

50 

6.56 

Old culture water | 

Filtered 

r 

A 

3 P.M., Dec. 23 

50 

3.10 

Old culture water i 

Filtered 


B 

3 P.M., Dec. 24 

50 

4.96 

Old culture water 

Filtered 

4 ( 

C 

3 P.M., Dec. 25 

42 

6.64 

Old culture water 

Filtered 

1 

D 

3 P.M., Dec. 26 

42 

7.75 

Old culture water 

Filtered 


A 

3 F.M., Dec. 2,5 

42 

3.32 

Old culture water 

Filtered 


B 

3 P.M., Dec. 26 

42 

4.80 

Old culture water , 

Filtered 

5 < 

C 

3 p.M,, Dec. 27 

42 

6.61 

Old culture water 

Filtered 


D 

3 P.M., Dec. 28 

42 

7.38 

Old culture water ; 

Filtered 


E 

3 P.M., Dec. 29 

42 

7.7,5 

Old culture water 

Filtered 
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EXPERIMENTS SHOWING THAT WATER CONTAINING A SMALL 
AMOUNT OF FREE OXYGEN WILL ABSORR ADDITIONAL 
FREE OXA^GEN FROM THE SURI|OUND\N(; AIR IN 
DARKNESS 

It is not only important to determine the amount of oxygen 
generated by Chlamydomonas in the sunlight, hut it is also 
equally important to determine the amount of oxygen that is 
absorbed from the air by the culture water when in darkness. 
When Chlamydomonas and Polytoma w'ere added to the old 
stable-tea culture \vater which contained only a small (luanlity 
of free oxygen and then the culture was placed in darkness for 
several days the quantity of oxygen increased in the culture 
water several cubic centimeters per liter. This is shown in 
tables 2, 5, and 7. In the absence of light Chlamydomonas 
does not carry on photosynthesis and consequently does not give 
off free oxygen. 

Clear old stable-tea culture was taken, in some experiments it 
was filtered and in others it was used unfiltered,'and the amount 
of free oxygen determined at the beginning of each experiment. 
Then several stender dishes containing about 50 cc. of this 
w^ater was placed in darkness and at successive intervals of 
twenty-four hours the contents of a dish was tested for free 
oxygen. Table 2 shows that the culture water gradullay ab- 
sorbs free oxygen from the air throughout the three to four 
days’ exposure until it usually amounts to from 7 to 8 cc. to a 
liter. 


EXPERIMENTS SHOWING THAT FEWER MALES IN HYDATINA 
SENTA ARE PRODUCED IN SUNLIGHT, WHERE I RE- 
SUMABLY THE AMOUNT 01'’ FREE OXVIiEN^ IS 
HIGHER, THAN IN DARKNESS WHERE THE 
AMOUNT OF FREE OXYGEN IS LOWER 

In these experiments large-mouthed bottles about l-J inches 
diameter were used. Into each there was put a mixture of 50 
to 60 cc. of filtered old stable-tea culture water, Chlamydomonas 
and a little Polytoma. In the bottles in the sunlight about 1 
to 1,5 cc. Chlamydomonas were put in order that there migh 
be a large quantity of oxygen generated. In the bottles in 



474 • 


DAVID D. WHITNEY 


darkness not as much Chlamydomonas could be added because 
much of it would die, probably from lack of oxygen, decompose 
and befoul the witer so as to prevent the normal growth and 
reproduction of the rotifers. In these experiments ten adult 
rotifers were put into each bottle of culture water and food and 
one bottle was placed in a pan of running water in the sunlight 
and the other bottle was placed in darkness at room temperature. 
Both of these bottles were left undisturbed for six days, then 
each was well stirred and a few drops of the liquid immediately 
taken out and the sex of the rotifers in th^se drops were recorded. 

In table 3 it is seen that in the sunlight the males constituted 
8 d- per cent of the rotifer population of 1736 individuals, while 
in the darkness the males constituted 28 + per cent of the 
population of 1654 individuals. 

TABLE 3 

Showing that roHf^s kept in darkn-ees where there u no production of free oxygen 
by the Chlamydomonas produce more males than rotifers do which are kept 
in the sunlight in the midst of considerable quantities of free 
oxygen that is given off by the Chlamydomonas 


1 TO 3 CC. OF CHLAJIf TIIOHONAS A.NO A FEW OBOFS OF POLTTOUA 
IH M CC. CTTLTUBE WATSB IN EACH IXPCRIUENT 


SXPEBI* 

MINTS 

time, 1918 

Sunlight 

Darkness 

Number 
of 5 

Number 
of C? 

Per cent 
of d* 

Number 
i of 9 

Number 
of cf 

Per cent 
oft? 

1 

April 9-15 

47 

s 

14+ 

1 27 

25 

48+ 

2 

April 15-21 

266 

28 

9+ 

284 

78 

21 + 

3 

April 17-22 

171 

15 

8+ 

152 

67 


4 1 

April 17-22 

129 

26 

16+ 

65 

18 

21+ 

5 

April 17-23 

175 

31 

16+ 

223 

85 

27+ 

6 

April 18-24 

37 ; 

12 

24+ 

38 

12 

24+ 

7 

April 20-27 

40 

2 

4+ 

61 

9 

12+ 

8 1 

April 28-May 5 

110 

0 i 

7+ 

70 

24 

25+ 

9 

April 29-May 5 

200 

4 

1+ 

42 

42 

50 

10 

April 30-May 6 

150 

3 

2 

S3 

56 

40+ 

11 

May 1-7 

150 

2 

1 + 

71 

32 

31+ 

12 , 

May 2- 8 

65 

3 

4+ 

14 

8 

38+ 

13 

May 10-16 

60 

3 

5+ 

60 

18 

26+ 

Totals 

1690 

146 

8+ 

1180 1 

474 

28+ 


OXYGEN ANP MALE PBODUCTION 


475 


In a former paper it was shown how a high per cent of males 
could be obtained by feeding Chlamydonionas in the sunlight, 
and now opposite results are obtained! These contradictory 
results are due to differences in manipulations of feeding and also 
to different conditions of the Chlamydomonas itself as a food in 
these two instances. In the former experiments the Chlamy- 
domonas were put into the culture water with the rotifers and 
the rotifers fed upon them for only a few hours, during which 
the Chlamydomonas were^ kept actively swimming toward the 
lighted side of the dish as it was rotated upon a kymograj)h. 

In these later experiments the feeding conditions were quite 
different. No rotation of the bottles was made, and when this 
is not done many of the Chlamydomonas swim to the lighted 
side of the dish and adhere to the surface of the glass. This 
enables all such individuals to escape from being eaten by the 
rotifers. Sometimes the rotifers were able to pick up only a 
small number of stray Chlamydomonas in direct sunlight. On 
cloudy days and in- darkness the Chlamydomonas are more 
active and are more available as food for the rotifers. In ex- 
periment 6 of table 3 cloudy weather prevailed throughout the 
last five days that the rotifers were in the experiment. Prob- 
ably the Chlamydomonas remained active in the diffuse daylight 
so that the rotifers were enabled to feed upon them as readily 
as in the darkness. This would explain why the per cent of 
males is equal in each lot. 

When the Chlamydomonas remain in the sun for several 
days in the old stable-tea culture water, which is devoid of all 
nutritional substances, very little, if any, reproduction occurs 
among them, but each individual becomes of full size and is 
covered with a tough covering which renders it indigestible for 
the rotifers. Consequently, if nearly all of the Chlamydomo^ 
attach themselves to the side of the dish, the rotifers are una e 
to obtain a superabundance of food or, on the other hand if 
some of the Chlamydomonas remain active they develop such a 
tough covering as to render them nearly unfit as food for the 
rotifers. In either case the rotifers are not overfed m the sunlight. 
While, on the contrary, in darkness all of the Chlamydomonas 
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remain active and small and do not develop the tough covering. 
Thus there is a fine food supply for the rotifers for several days. 
The matter of the' food Supply probably explains the sex ratio. 
When the supply is good as in darkness more males are produced 
and when it is poor as in sunlight fewer males are produced. In 
all of these experiments in the sunlight much free oxygen was 
given off during the day and rose to the surface forming a frothy 
scum. 

Table 4 shows the light conditions throughout these experi- 
ments. 

TABLE 4 


Shouririg ligJit conditions of the days during Ike cxperifnents in table S 


TIME, 1018 

LIGHT CONDITIONS 
DUBINQ THE DAT 

TIME, 1918 

LIGHT CONDITIONS 
DUHING THE DAY 

i 

April 9-14 

Sun 

April 26-27 

Cloudy 

April 15 

Cloudy , 

April 28-May 4 

Sun 

April 16-18 

Sun 

May 5 

Sun and clouds 

April 19-24 

April 25 

Cloudy 

Sun 

May 6 

Sun 


Table 5 shows the details and results of another set of experi- 
ments in the sunlight and darkness in which the quantity of free 
oxygen in the culture water was determined both at the be- 
ginning and at the end of many of the experiments. The 
amount of the food was more accurately measured than in the 
experiments of table 3. Small amounts of Chlamydomonas, 0.10 
cc., and of Polytomaj 0.05 cc., were put into 10 cc. of the culture 
water and well stirred. Then 3 cc. of this mixture was added 
to 50 cc. of the filtered old stable-tea culture water. To the lot 
that was placed in sunlight 0.2 to 1 cc. of additional Chlamy- 
domonas was added. Each lot was divided into three portions 
and put into three vials, 1 inch diameter, and allowed to stand 
twenty-four hours and then three or four rotifers were added. 
These experiments were started in the morning and thus afforded 
an opportunity for the Chlamydomonas to generate sufficient 
oxygen in the sunlight to quite thoroughly charge the culture 
water with it before the rotifers were added. It also enabled 
many of the Chlamydomonas to become attached to the sides 
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TABLE 5 

Showing that in sunlight where B to 15 cc. of f ree oxygen per liter h present about ^ 
per cent of male-producing ferndea are produced, while in darkness 
where only BtoS cc. of free oxygen per liter is present about 
78 per cent of male-producing females arc produced * 


? 

? 

H 

1 

§ 

H 

PERIOD 

nuE, 1918 

DIRECT SUNLIGHT 1 

n.^RKNEas 

Culture water 
t^ted 

Oxygen per li- 
ter 

N umber females 
treated 

Daughters 

1 

Culture water 
tea ted 

,i ! 

k 

a 

V 

0 

1 

sS 

Y. 

1 DHiiKhtera 

? 9 

d"9 

3 1 

0^ i 
Pi 

99 

o’ 9 

i *3 

h 

S'b 

CL 




cc. 

CC. 

cc. 




GC. 

rc. 





J 

Beginning 

10 A.M., Oct. 17 



12 






12 




H 

End 

1 10 A.M., Oct. 20 




9 

11 

55 




4 

16 

80 

2( 

Beginning 

10 A.M., Oct. 20 



3 






3 





' End 

4 P.M., Oct. 23 




29 

13 

34+ 




12 

25 

67+ 

3( 

Beginning 

^10 A.M., Oct, 20 



4 

i 





4 




1 

End 

11 A.M., Oct. 24 




27 

13 

32+ 




4 

19 

82+ 

4l 

Beginning 

11 A.M., Oct. 21 



4 






4 




< 

End 

10 A.M., Oct. 25 




28 

8 

22+ 




15 

2. 

58+ 

1 

5( 

Beginning 

10 A.M., Oct. 22 



5 






5 





End 

10 A.M., Oct. 26 




28 

12 

30 




7 

:i3 

82+ 

el 

Beginning 

10 A.M.j Oct. 24 



4 






4 




”1 

End 

10 A.M., Oct. 28 




9 

1 

10 




1 

7 

87+ 

J 

Beginning 

10 A.M,, Oct. 24! 



4 






4 

! 




End 

10 A.M., Oct. 28 




10 

8 

42+ 




3 

17 

85 

si 

Beginning 

10 A.M., Oct. 28 



16 






16 




1 

End 

10 A.M., Oct. 31 

42 

5.64 


17 

1 33 

60 

42 

5.64 


15 

36 

70 

el 

Beginning 

M., Oct. 28 



12 






12 





End 

10 A.M., Nov. 1 

42 

5.97 


25 

25^ 

50 

^ 42 

4.81 


19 

' 31 

62 

lol 

Beginning 

10 A.M., Oct. 29 



1 J 






12 




10| 

End 

4 P.M., Nov. 2 

42 

12,11 

1 

35 

15 

30 

42 

5,33 


14 

36 

72 

J 

Beginning 

10 A.M., Oct. 30 



12 






12 





End 

5 P.M., Nov. 3 

42 

11,72 

* 

|10 

3S 

79+ 

42 

5.86 


9 

1 

34 

79+ 

J 

Beginning 

10 A.M., Oct. 31 

i 


i 12 






12 




12| 

End 

0 P.M., Nov. 4 

421 

7.81 




26 

.52 

42|6.25 



4 

1 46 

92 
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TABLE ^Concluded 


c 

H 

2 

S 

u 

ft 

PERIOD 

TIME, 1918 

DIRECT 80KUGHT 

DARKNESS 

Culture water 
• teeted 

Oxygen per li- 
ter 

N umber females 
treated 

Daughters 

V 

4 

o 

Oxygen per li- 
ter . 

Number females 
treated 

Daughters 

99 

c^’9 

Per cent of 
9 

9 9 

rf'9 

Percent of 
c^' 9 




cc. 

ee. 





ec. 

CC. 





isj 

Beginning 

9 A.M., Nov. 1 

42 

2.15 

12 




42 

2.15 

12 




End 

3 P.M., Nov. 5 

i 

42 

5.86 


30 

20 

40 

42 

5 33 


2 

48 

96 

ul 

Beginning 

9 A.M., Nov. 2 

42 

0.97 

12 




42 

0.97 

12 




1 

End 

3 I’.M., Nov. 6 

42 

7.81 


33 

17 

34 

42 

5.93 


6 

44 

88 

15{ 

Beginning 

10.A..M., Nov. 3 

42 

2.65 

12 




42 

2.66 

12 




End 

3 P.M., Nov. 7 

42 

7.44 


14 

36 

72 i 

42 

6.45 


3 

47 


16{ 

Beginning 

^ 8 A.M., Nov. 10 

42 

3.03 

13 




42 

3.03 

13 




End 

M., Nov. 14 

42 

11.72; 


28 

22 

4A 

: 42 

7.42 


12^ 

38 

76 

ir{ 

Beginning 

8 A.M., Nov. U 

1 42 

4.31 

13 




42 

4.31 

13 

1 



End . 

3 p.M.j Nov. 15 

42 

11.72 


32 

18 

'so 

42 

7.81 


: 10 

40 

80 

isf 

Beginning 

11 A.M., Nov. 12 

42 

3.59 

13 




42 

3.59 

1 13 




1 

End 

4 P.M., Nov. 16 

42 

7.81 


32 

' 18 

36 

42 

7.81 


9 

41 

82 

19( 

Beginning 

10 A. M., Nov. 13 

42 

3.50 

13 




42 

3.50 

13 




1 

End 

M., Nov. 17 

42 

8.21 


' 27 

23 

46 

42 

8.21 


11 

39 

78 

2fl[ 

Beginning 

9 A.M., Nov. 14 

42 

3.12 

13 




42 

3.12 

13 




1, 

End 

4 P.M., Nov. 18 

42 

15.63 


36 

14 

28 

42 

7.81 


18 

32 

64 

iSummarv 

9+^ 


483 

373 

43+ 


6+* 


178 

649 

78+ 


* Average at end. 


of the vials and thus render the available food supply scarce for 
the rotifers when they were added at the end of twenty-four 
hours. Three days after the rotifers were added about fifty 
young females were isolated in watch-glasses and the sex of their 
offspring recorded. 

In many of the experiments the Chlamydomonas in the sun- 
light had so spent themselves at the end of four days that no 
more free oxygen was found in the culture water than was fmind 
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in the culture water of the lots in the darkness. In others, 
however, a high per cent of oxygen was found at the end of four 
days. Several determinations of free oxygen \\"ere made in the 
mornings of cultures similar to the above and a small (iftantity 
of free oxygen was always found as in experiments 8 and 0. 
Thus showing ihat the excess quantity of free oxygen escapes 
from the culture water during the night and in the mornings no 
more is found than would have been found in such culture waters 
if exposed merely to the air. In the cultures in the sunlight 
much free oxygen was generated during the first three days, 
which was very evident by the frothy scum on the surface of 
the water. During this time the rotifers were subjected for 
many hours each day to a high per cent of free oxygen. During 
thei night the excess of oxygen gradually escaped, but in the 
sunhght of the following day a new excess of oxygen was 
generated. 

The rotifers in the sunlight were subjected to perhaps 10 to 15 
cc. of oxygen per liter -for a period each day, while the rotifers 
in the darkness were never subjected to more than was absorbed 
by the water from the air, 7 to 8 cc. of oxygen per liter. Hear- 
ing this in mind, it is of considerable interest to compare the 
sunlight lots with the darkness lots in individual experiments as 
in 10, 17, and 20 of table 5 or to compare the average results of 
the total summary of all the experiments. Jn all the experi- 
ments excepting no. 11 the per cent of male-producing females 
is much lower in sunlight where there is an excess of free f)xygon 
than it is in darkness where there is no more free oxygen than 
can be absorbed from the air. The results of experiment 1 1 are 
not clear, inasmuch as there was brilliant sunlight throughout 
the four days of the experiment. 

Table 6 shows the light conditions throughout these experi- 
ments of table 5. 
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TABLE « 

Showing light conditions of the days during the experiments of table 5 


TIME, 1918 

* LIOBT OOKDinONB 
DUaiNQ THE DAT 

TIMS, 1918 

UOHT CONDmONB 
DUBIKO TBK DAT 

October 17 

Sun 

Oct. 29-Nov. 3 

Sun 

October 18-19 

Cloudy 

November 4 

Clouds and sun 

October 20-21 

Sun 

November 5-7 

‘ Cloudy 

October 22 

Clouds and sun 

November 8-9 

Sun 

October 23 

Cloudy 

November 10 

Clouds and sun 

October 24 

Sun 

November 11-13 

Sun 

October 25-27 

Cloudy 

November 14 

Clouds and sun 

October 28 ^ 

A.M., sun 

November 1.5 

Cloudy 


; P.M., cloudy 

November 16-19 

Sun 


EXPERIMENTS SHOWING THAT CULTURE WATER CONTAINING 
A VERY LOW PERCENTAGE OF FREE OXYGEN YIELDS 
AS MANY MALE-PRODUCING FEMALES AS CULTURE i 
WATER CONTAINING A MUCH HIGHER 
PERCENTAGE OF FREE OXYGEN 

The experiments of the preceding tables 1 to 6 may be of 
interest, but the crucial test of the effect of oxygen in causing 
male-producing females to appear is really made in these experi- 
ments in table 7. All of these experiments were carried on in 
darkness and the food and culture-water conditions were the 
same as those in the darkness experiments of table 5 with the 
exception that the culture water containing the food was put 
into one l|-mch vial instead of being divided and put into three 
vials. The vials in lots A were not stoppered, but were kept open 
so that the surrounding air came into contact with the surface 
of the water, but the vials of lots B were closed with tightly 
fitting ground-glass stoppers. A small quantity of air, 3 cc. 
to 0.5 cc., was left in each vial. In some experiments the vials 
in lots B were inverted. The inclosed air bubble was changed 
every morning and evening, otherwise both the food and the 
rotifers would soon have died from lack of a sufficient oxygen 
supply. 

Thirteen female rotifers were put into each vial at the begin- 
ning of each experiment and allowed to remain three days 
undisturbed. At the end of that time, fifty young females were 
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selected at random and isolated in watch-glasses. In some ex- 
periments there were fewer than fifty young daughter females 
produced, and in such cases all of the young females w^re iso- 
lated as in lots B of experiments 13 and 14. An e(|ual number 
of young females were isolated from the control lots A. 

The quantity of free oxygen in the culture water was de- 
termined both at the beginnmg and at the end of each experi- 
ment in both lots A and lots B, Old culture water was used 
which was made about the middle of the previous August and 
which contained only a small quantity of free oxygen. After 
this culture water was filtered it absorbed additional free oxygen 
from the air in lots A, while in lots B, in the stoppered vials, the 
quantity of free oxygen was diminished when the air bubble 
was^ade small enough as in lots B of experiments 9 to 17 and 
19. In experiments 9, 10, 12, 13, 14, and 18 the oxygen supply 
became so low in lots B that none of the rotifer eggs hatched 
until the vials were opened and additional oxygen was supplied. 
In lots B of experiments 8, 11, 15, 16, 17, and 19 fewer eggs had 
hatched than in lots A, in all of wliich there were more than 
fifty young females at the end of three days. 

In lots A the free oxygen increased by absorption from the air 
to from 6 to 8 cc. per liter, while in lots B it ranged from 6 to 1 
cc. per liter at the end of the experiments. However much the 
two lots, A and B, varied in their oxygen content, the per cent 
of male-producing females produced was about equivalent in 
each lot of the individual experiments and also in the general 
average of the summary of all of the experiments. In fact, the 
per cent of male-producing females in the summary of all lots 
A and lots B is practically identical. Such equivalent results in 
two parallel lots of rotifers, even under the same conditions, 
never previously have been obtained by the author. 

The most striking result of these experiments is the pro- 
duction of such a high per cent of male-producing females in 
culture water that was nearly depleted of free oxygen. The 
highest per cent among fifty young females was ninety-two. It 
is recorded in lot B of experiment 5. Only two or three lots 
expend to the air exceeded this. 



Showing the rotifers in culture water containing the minimum of 1 to 3 cc, of free oxygen per liter produced as many male -producing 
females, 74 per cent, as rotifers produced in culture water containing f to 7 cc. of free oxygen per liter 
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EXPERIMENTS SHOWING THAT THE FREE OXYGEN CONTENT 

OF WATER IS NOT INCREASED WHEN CHLAMYDOMONAS 
IS ADDED , 

After the preceding experiments had been completed, it was 
realized that perhaps there was a sufficient amount of free oxy> 
gen retained within the individual cells themselves of Chlamy' 
domonas to exert an appreciable influence when the Chlaraytio- 
monas were transferred to other culture waters. In order to 
test this possibility, the experiments recorded in table 8 were 
performed. 

The Chlamydomonas was allowed to remain in the sunlight 
for several hours; then it was centrifuged, its culture water 
drained off, sufficient quantity of water added to liquefy it, and 
definite quantities of it added to various kinds of water. The 
water used was mainly rain-water, which varied widely in the 
free oxygen content. The rain-water that had been standing in 
the pipes from a large storage tank contained less than 1 cc. of 
free oxygen per liter, while rain-water in battery jars which had 
been exposed to the air for several days contained as much as 7 
or 8 cc, of free oxygen per liter. Chlamydomonas was added to 
these two kinds of rain-water. Oxygen tests were made im- 
mediately with some unfiltered lots containing Chlamydomonas, 
while other lots were first filtered before being tested. In a few 
experiments Chlamydomonas was allowed to remain in the water 
about ten minutes, while in others it was allowed to remain 

about four hours before the tests were made. 

It was found that a considerable error was introduced by 
filtration. The quantity of oxygen was increased even in the 
most hurried filtration and was increased very markedly if the 
filtering process was prolonged for a few minutes, especially m 
the water that contained a very small quantity of free o^gen 
at the beginning of the experiment. In some expeiments the 
water was decanted before testing for oxygen, but this method 
was only feasible when a sufficient time had elapsed to aUmv the 
Chlamydomonas to settle to the bottom of the bottle. 

In none of these experiments, when the error due to filtra 
was taken into consideration, was there found any evidence to 
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support the contention that appreciable quantities of free oxygen 
may be introduced into the new water with or within the cells of 
Chlamydomonas. 

In the experiments in darkness of table' 7 only 0.95 vir 0.10 cc. 
of Chlamydomonas was used which, of course, would have shown 
lesser results in regard to oxygen if they had been tested than the 
present experiments in which 0.5 cc. of Chlamydomonas was 
used. 


DISCUSSION 

In the recent work by Shull the summary of the results of the 
experiments under normal air conditions and under the 40 per 
cent and 60 per cent oxygen conditions show a higher per cent 
of maJe-producing females produced under the 40 per cent and 
60 per cent oxygen conditions than under air conditions. If, 
however, one examines closely the individual experiments or lots 
in the tables 1, 2, and 5 of the results it is readily seen that the 
higher per cent under the oxygen conditions is produced in 
table 1 by the extraordinary results of two out of the six experi- 
ments. In table 2 three experiments out of fourteen experiments 
causes the higher per cent of male-producing females to be 
obtained. In table 5 two experiments out of twenty experi- 
ments of the oxygen-treated ones caused the total average per 
cent of male-producing females to be twice as large as it would 
have been without these two experiments. 

Some of the exceptionally favorable experiments under oxygen 
conditions were paralleled with similar results under air con- 
ditions in the controls. Thus indicating that the high per cent 
of male-producing females produced in parallel lots in air and 
in oxygen may have been due to other influences than an excess 
of oxygen. In some pf the experiments under oxygen conditions 
no male-producing females at all were produced, while in many 
others very few were produced. If the oxygen was a real in- 
fluential factor in causing male-producing females to be pro- 
duced, many ought to have been produced in every experiment. 

Shull, however, does not claim that oxygen is the only factor 
that causes an increase in male-producing females, but that, 
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nevertheless, it is one of the potent factors in causing male- 
producing females to increase in number. The author takes the 
opposite view-poinf that dxygen is not influential in causing an 
increase oY the male-producing females. 

In the experiments of Shull under air conditions, the rotifers 
produced 0 to 52 per cent of male-producing females in indi- 
vidual experiments and the average in the grand total pro- 
duction of 2334 females in tables 1, 2, and 5 to 8 was 10 -f- per 
cent of male-producing females. This per cent was of those 
females produced during the first twenty-four hours of the 
experiments. According to sample tests of such culture water 
as constituted these experiments, the quantity of free oxygen 
present during the twenty-four hour period was 5 -F to 4 -j- cc. 
per liter. These results comprised of the production of about 
10 per cent male-producing females in culture water containing 
5 -h to 4 -h cc. of free oxygen per liter should now be compared 
with the author’s experiments, lots B in table 7. In these lots 
with the diminished air supply the quantity of free oxygen at 
the end of the three-day period of the individual experiments 
was in some instances 1 + cc. per liter. The average quantity 
of free oxygen in all of the lots at the end was 3 + cc. per liter. 
This was a lesser quantity than was found in the experiments of 
Shull in the air. Shull obtained an average of 10 + per cent 
male-producing females in culture water containing 5 to 4 4- cc. 
of oxygen per liter, while the author obtained an average of 74 -f- 
per cent of male-producing females in culture water containing 
3 + cc. of oxygen per liter. In individual lots B of experiments 
13, 17, and 19 in which the free oxygen was never more than 2 
cc. per liter throughout the experiment and in lots B of experi- 
ments 13 and 17 in which the oxygen was diminished from 2 -h 
cc. to 1 4 cc. per liter during the experiment, the per cent of 
male-producing females ranged from 72 to 88. If these lots B 
of experiments 13, 17, and 19 are compared with the parallel 
lots A of the same experiments in which the quantity of free 
oxygen ranges from 3 4 cc. to 8 4 cc, per liter during the three- 
day period of the experiments, it is seen that in this increased 
quantity of free oxygen there is no increase in the percentage of 
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m\le-producing females. Furthermore, if the total averages are 
compared, it is seen that the high percentages of male-producing 
females are identical, although the qttantity* of free oxygen at 
the end of the three-day period averages in lots A at 5+ cc. 
per liter and in lots B at 3 H- cc. per liter. Thus demonstrating 
that the production of male-producing females does not depend 
directly upon the presence of appreciable quantities of free 
oxygen in the culture water. 

SUMMARY 

1. In the sunlight free oxygen in considerable quantities is 
given off by the green flagellates, Chlamydomonas. 

2. In darkness no free oxygen is given off by the Chlamy- 
domonas. 

'3. No appreciable quantity of free oxygen was found to be 
contained within the individual cells of Chlamydomonas wheti 
' they were transferred from their original culture water into 
other water. 

4. Culture water free from decomposing materials absorbs 
free oxygen from the surrounding air until its capacity of from 7 
to 8 cc. per liter is attained. 

5. In the sunlight fewer male rotifers and also fewer male- 
producing female rotifers are produced in culture water contain- 
ing Chlamydomonas which have given off much free oxygen 
than are produced in darkness in culture water containing less 
free oxygen. This is due to the fact that in the sunlight the 
Chlamydomonas become less available as food for the rotifers, 
while in darkness they remain more available for food through- 
out several days and nights. 

6. Culture water containing the minimum (juaiitity fin some 
cases less than the minimum quantity) of free oxygen, 1 cc. to 3 
cc. per liter, in order to allow the normal activities of the 
rotifers, yields as many male-producing females as culture water 
containing from 2 to 8 cc. of oxygen per liter. 

7. The general conclusion is that oxygen is a factor in causing 
a production of males except inasmuch as it is neces.sary for all 
life processes and activities of the rotifers. 
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NEW SERIES 


The Memoirs of The Wistar Institute will be continu^ 
as the 

AMERICAN anatomical MEMOIRS 

I 

This scries of Monographs was begun for the purpose of presenting the results of original 
investigations which were too extensive for incorporation in the current periodicals. 

Since the early issues of the series the demands of biological science in our country for a 
publication of this type have become more urgent and more clearly defined. It is the inten> 
tion of The Wistar Institute and of the Editors to provide, as far as possible, for these needs 
and to continue in a more formal manner the publication of the series which is intended to 
receive extensive original monographs based on either experimental or descriptive investi- 
gations in the field of Anatomy. 

In making it national in character and defining its scope more closely, the title of the pub- 
lication has been changed to the 

AMERICAN ANATOMICAL MEMOIRS 

and its pages, like other publications of The Wistar Institute, will be open alike to all qualified 
investigators in- Anatomy. 

The journal will be edited by Dr, George S. Huntington of Columbia University, "While 
Dr. Chas. R. Stockard, of Cornell University Medical School, and Dr. Herbert M. Evans, of 
the University of California, will collaborate in the examination of papers for publication 
and in determining the scientific policy of the magazine. 

The publication will not be divided into volumes but will appear as consecutive numbers 
of varying sizes. 

Each number will contain but one monograph. For the present, numbers will be issued 
at irregiular intervals. 

Bibliographic cards, with author’s abstract, will be issued in advance of each number. 

The first seven numbers of the series appeared under the title of "'Memoirs of The Wistar 
Institute of Anatomy and Biology.” No. 8 of the series is the first to appear under the new 
title. 

In the past the actual printing cost of each paper has been paid by the author or his 
laboratory, while The Wistar Institute has managed the details of publication and distribution, 
using its organization for placing the publication in the public and private libraries of the 
world. During the present crisis the same policy of financing the publication will be followed 
until more favorable opportunities are offered for placing it upon an independent financial 
basis. 

The extensive distribution enjoyed by all other publications of The Wistar Institute 
will be possible also for the American Anatomical Memoirs and a permanent subscription 
list, already well begun, will be developed for the support of the publication. 

Papers intended for publication in the American Anatomical Memoirs should be sub- 
mitted to the Editor, Dr. George S. Huntington, College of Phyricians and Siltgcons, 437 
West 59th Street, New York City, or to either of the collaboratora']^ Dr. Charles R. Stockard, 
Cornell University Medical College, 28th St. andlst Avs., New York City, and Dr, Herbert 
M. Evans, University olf California, Berkeley, Cal. 

The price of each number depe^nds on the number of pages and the number and kind of 
illustrations that it contains. 



AMERICAN ANATOMICAL MEMOIRS • 


No.%. The Anatomy and Development of the Systemic Lymphatic Vessels in the 
Domestic Cat, by George S. Huntington, Professor of Anatomy, Columbia University, New 
York City, states the various theories held in regard to lymphatic developetnnt in general 
and then presents the result of six years* careful investigation on mammalian lymphatic de- 
velopment. Part I deals with the development of the systemic lymphatic vessels in their 
relation to the blood vascular system. Part 11 deals with the dhvcloprncnt of tlie proa«^g 08 
and azygos segments of the thoracic duct. 175 pages of text, 8 text figures (two in color), 251 
photomicrographs and 21 colored plates. Sent post paid to any country for $4.00. 1911. 

No. 2. Contribution to the Study of the Hypophysis Cerebri with Especial Refer<< 
ence to Its Comparative Histology, by Frederick Tilney, Associate in Anatomy, Columbia • 
University, New York City, Part I contains a historical review of the literature. Part II 
deals with the comparative histology of the pituitary gland and gives a report of six hypo- ^ 
physcctomies performed upon cats. 72 pages of text, 2 text, figures, 60 photomicrographs and 
plates. Sent post paid to any country for $1.50. 1911. 

No. 3. Early Stages of Vasculogenesis In the Cat (Fells Domesticn) with Especial 
Reference to the Mesenchymal Origin of Endotfiellum, by H. Von W. Schulte, Depart- 
ment of Anatomy, Columbia University, New York City. 90 pages of text and 33 figures, of 
which IM are in colors. Sent post paid toany country for 31.50. 1914. 

No. 4. The Development of che Lymphatic System in Fishes, with Especial Refer- 
ence to its Development in the Trout, by C. F. W. McClure, Department of Comparative 
Anatomy, Princeton University. 140 pages, 41, figures, 11 of which are in colors. Sent ]> 08 t 
paid to any country for $2.50. 1916. 

No. 5. The Development of the Albino Rat, Mus Norvegicus Albinus : I. From the 
pronuclear stage to the stage of mesoderm anlage;end of the first to the end of the ninth 
day: II. Abnormal ova; end of the first to the end of the ninth day; by C. Carl Huber, ITepart- 
ment of Anatomy, University of Michigan, and the Division of Embryology, Wistar Institute 
of Anatomy and Biology, Philadelphia. 142 pages of text and 43 figures from drawings by 
the author. Sent post paid to any country for $2.50. 1915. 

No. 6. The Rat, compiled and edited by Henry H. Donaldson. Reference tables and 
data for the Albino Rat (Mus Norvegicus AIbinus(, and the Norway Rat (Mus Norvegicus), 
280 pages. Sent post paid to any country for $3.00. 1915- 

No. 7. An Experimental Analysis of the Origin of Blood and Vascular Endothe- 
lium : I. The origin of blood and vascular endothelium in embryos without a circulation of the 
blood and in the normal embryo (forty-nine figures); If, A study of wandering mesenchymal 
cells on the living yolk-sac and their developmental products: chromatophorcs, vascular en- 
dothelium and blood cells (thirty-five figures) ; by Charles R, Stockard, Department of Anat- 
omy, Cornell University Medical School, New York City. 174 pages, 3-) text figure.^. Sent 
post paid to any country for $2.50. 

No. 8. On the behavior of Bufo and Rana toward colloidal dyes of the acid azo 
group (trypan blue and dye No, 161). I. With reference to the portal of entry of the dye, 
and the causes which underlie the initiation of the process by which colloidal dye particles are 
stored in the cytoplasm of certain typical cells of the embryo, and II. With reference to the 
development of the lymphatic system; by Charles F. W. McClure, Laboratory of Comparative 
Anatomy, Princeton University. 64 pages. Sent post paid to any country for $1.25. 1918. 

No. 9. The morf^ology and evolutional significance of the pineal body; being 
Part I of a contribution to the^tudy of the epiphysis cerebri yith an interpretation of 
the morphological, physiological and clinical evidence; by Frederick Tikiey, M.D.,Ph,D., 
Professor of Neurology, Columbia University, Y., and Luther F, Warren, A.B., M, 
Professor of Medicine, Long Island College Hospital, N. Y. 258 pages, 97 text figures. Sent 
post paid to any country for $3.00. ‘ • 



New Publications 

* 


1. STUDIES IN THE DEVELOPMENT OF THE OPOSSUM (DIDELPHYS 
VIRGJNIANA L.) 

• By Dr. Carl G. ^^rtman, Associate Professor of Zoology, University of 
Texas, Austin, Texas. 

1 . History of the early cleavage, 

2. Formation of the blastocyst. ' 

3. Description of new material on maturation, cleavage, and entodem formation. 

4. The bilaminar blastocyst. 

Parts 3 and 4, complete in themselves, form a comprehensive study of the early 
stages of the embryology of the opossum based on a series of several thousand 
eggs and embryos collected by the author. These parts, containing 142 pages, 
include 11 heliotypes and 11 copper half-tones, presenting in extensive detail the 
development of the ovum up to and including the bilaminar blastocyst. 

Price^$2.50 

2. STUDIES ON INBREEDING 

By Dr. Helen Dean ]^ng, Assistant Professor of Embryology, The Wistar 
Institute, Philadelphia, Pa. 

1 . The effect of inbreeding on the growth and variability in the body weight of the 

albino rat Contains 54 pages, 17 tables, 14 graphs Price, $1.00 

2. The effect of inbreeding on the fertility and on the constitutional vigor of the 

albino rat. Contains 44 pages, 14 tables, 2 graphs.. . Price, 80 cts. 

3. The effect of inbreeding with selection on the sex ratio of the albino rat. Con- 

tains 36 pages, 10 tables, 1 graph. . Price, 75 cts. 

4. A further study of the effects of inbreeding on the growth and variability in the 

body weight of the albino rat. Yet to appear. 

3. THE MORPHOLOGY AND EVOLUTIONAL SIGNIFICANCE OF THE 
PINEAL BODY 

By Frederick Tilney, M.D., Ph.D., Professor of Neurology Columbia 
University, New York, and Luther F. Warren, A.B., M.D., Professor of 
Medicine, Long Island College Hospital, N. Y. 

Part 1. A contribution to the study of the epiphysis cerebri with an interpretation 
of the morphological, physiological, and clinical evidence. 258 pages, 97 text 
figures. American Anatomical Memoir No. 9,. Price, $3.00 
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